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PREFACE 


Samanta Chandra Sekhar, popularly known as Pathani Samanta 
in Orissa, was bron in the small village of Khandapara in 1835 AD. He 
devoted his life in determining the positions of stellar bodies and 
composed the monumental text of “Siddhanta Darpana” containing the 
observations, formutas and postulates in chaste Sanskrit language. He 
advocated for the geo-heliocentric model of the solar system to fit into his 
observations and to make predictions for the stellar phenomena in great 
detail and accuracy. Samanta Chandra Sekhar's name finds place 
alongside the galaxy of early great Indian astronomers such as 
Aryabhatta, Varaha Mihira, Brahmagupta, and Bhaskara. Samanta made 
all his astronomical observations with naked eye with the help of many 
innovative instruments such as Mana Yantra, Chapa Yantra, Chakra 
Yantra, Gola Yantra, Golardha Yantra etc. invented by him. It is for his 
immense contributions to the field of Astronomy that Samanta Chandra 
Sekhar was conferred with the titles of “Harichandana Mohapatra” by 
Gajapati King of Puri in 1876 and “Mahamahopadhyaya” by the 
Governor General of India in 1893. Pathani Samanta passed away and 
left for his heavenly abode on June 11, 1904. In order to mark the 
occasion of the death centenary of the great astronomer scientist from 
Orissa it was thought appropriate to organize a National Symposium on 
June 11, 2004, by inviting noted scientists from all over the country. The 
symposium highlighted three aspects namely: (i) Scientific issues of 
Samanta Chandra Sekhar's work, (ii) Historical perspectives and societal 
impact, and (iii) Translation and interpretation of "Siddhanta Darpana". 
The symposium was attended by over one hundred participants from 
different parts of the country. The present book contains the invited 
articles from the participants of the symposium. (Interested readers may 
refer to an earlier volume on the tife and work of Samanta Chandra 
Sekhar, “Ancient Indian Astronomy and Contributions of Samanta 
Chandra Sekhar”, Edited by L.Satpathy, Narosa Publishing House, New 
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Delhi, 2003). The summary of a pane! discussion is included at the end, 
which may serve as a useful guideline for further initiatives in the 
promotion of activities for highlighting the contributions of Samanta 
Chandra Sekhar towards science and society. 

The symposium was organized jointly by the Orissa Bigyan 
Academy, Institute of Physics, Pathani Samanta Planetarium and 
Samanta Chandra Sekhar Amateur Astronomers’ Association and was 
supported financially by Institute of Physics,’ Bhubaneswar and 
Departments of Science and Technology, Government of India and 
Orissa. We would tike to acknowledge the support received from the 
funding agencies for the organization of the Symposium. 

We would like to place on record our thanks to Prof. M.G.K. 
Menon, eminent Scientist and Shri Rabi Narayana Nanda, Hon'ble 
Minister of Science and Technology. Government of Orissa for 
participating in the inaugural function and giving their views. We are 
thankful to the invited speakers, Prof. M.K. Pal, Prof. S. Balachandra 
Rao, Shri A.K. Upadhyaya, Prof. K. Ramasubramanium, and Dr. P.C. 
Naik for their excellent presentations in the symposium, and all authors 
for their writeups to this volume. Dr. Ajai Rastogi, Commissioner-cum- 
Secretary, Science and Technology Department, Government of Orissa 
had conceived of this Symposium and had taken the initiative in the 
planning of this activity. He has also made an invaluable contribution to 
the organisation of this symposium. We thank him for his efforts. We 
would like to also thank all the organising committee members for their 
valuable suggestions and help in the organisation of the symposium. The 
help received from members of Institute of Physics in organizing the 
symposium and that of Shri D. Pradhan in the preparation and formatting 
of the articles are highly acknowledged. 


R.K. Choudhury 


L. Satpathy 
A.M. Srivastava 
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WELCOME ADDRESS 


R.K. Choudhury 
Institute of Physics, Bhubaneswar 751005, India 


The National Symposium on “Scientific Contributions of 
Samanta Chandra Sekhar to Astronomy” was organized as a part of a 
series of commemorative programmes during the death centenary year of 
the great Indian astronomer Shri Mahamohopadhyaya Chandra Sekhar 
Simha Samanta of Orissa. The idea of organizing such a Symposium was 
conceived by Dr. Ajai Rastogi, Conmmissioner-cum-Secretary, Scicnce 
and Technology Department, Government of Orissa. Dr. Rastogi has 
also played a key role in the planning and organization of the 
Symposium. The symposium was organised at Institute of Physics, 
which also provided the logistic and financial support for the conduct of 
the symposium. Financial support was also extended by the Science & 
Technology Department, Government of Orissa and by the Department 
of Science & Technology, Government of India. 


Samanta Chandra Sekhar was a scientist in the true sense, as he 
believed in basing all knowledge on actual scientific observations. and 
no amount of traditional belief could deter him from this path. He 
propounded the geo-helio centric model for the solar system in order to 
explain the observations made by him on the movement of the stars and 
the planetary bodies in our solar system. With this he could also predict 
the astronomical events very accurately, as tested by the modern 
astronomical calculations. 


The scientific community feels proud to commemorate the death 
centenary of such a profound astronomer scientist from Orissa, who 
single handedly passed on a very precious legacy to the mankind, in the 
form of his immortal treatise “Siddhanta Darpana”. He wrote this 
treatise in chaste Sanskrit language in the form of verses, which still 
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remains as a highly intellectually rich t¢xt, yet to be fully disseminated 
with regard to its scientific content. 


The aim of this National Symposium was three fold. 


e Firstly, it is meant to create the awareness and bring to 
focus the work of Samanta Chandra Sekhar to the 
scientific community and the general public at large. 


e Secondly, it is felt necessary to identify new directions 
of research on the work of Samanta Chandra Sekhar, on 
the scientific issues in relation to his fundamental 
contributions to the field of astronomy. 


e In the third place, it is also thought that a proper 
translation and interpretation of “Siddhanta Darpana” 
should be attempted to bring out a true representation of 
the ideas and principles contained in this treatise. 


I am happy that there was a very enthusiastic and spontaneous 
response from the scientific fraternity to participate in this symposium. I 
am thankful to Prof. M.G.K. Menon, who kindly accepted our invitation 
to inaugurate the symposium. I am thankful to Hon'ble Minister of 
Science and Technology, Government of Orissa, Shri Rabi Narayan 
Nanda to participate in the inauguration function and give his considered 
views. I also thank Prof. M.K. Pal to agree to deliver the keynote lecture 
and Dr. Ajai Rastogi to give the Introductory remarks in this inaugural 
function. I thank all the invited speakers and panelists to have accepted 
our invitation at a very short notice to give their talks and take part in the 
discussions in the symposium. Finally, I welcome all the participants to 
the symposium and to Institute of Physics and wish. that the deliberations 
will be highly enriching and fruitful. 
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INTRODUCTORY REMARKS ON THE SYMPOSIUM 


Ajai Rastogi, LA.S 
Commissioner-cum-Secretary to Government of Orissa, 


Science and Technology Department, Bhubaneswar, India 


Esteemed Prof. Menon, Hon’ble Minister, Science & 
Technology and Water Resources Sj. Rabi Narayan Nanda, Director, 
Institute of Physics and Chairman of the Organizing Committee of this 
Symposium Dr. R.K.Choudhury, President of Orissa Bigyan Academy 
and Co-Chairman of the Organizing Committee of this Symposium Prof. 
Basudev Kar, distinguished scientists, members of the media, and ladies 
and gentlemen. 


Today is the death centenary day of Samanta Chandra Sekhar 
who departed from this world on June 11, 1904. This Symposium has 
been organized with the consideration that the most appropriate way for 
scientists to pay tribute to Samanta Chandra Sekhar will be to take stock 
of the present status of scholarship on his contributions to astronomy and 
to mark out future directions of research on his work. 


Many of us here are familiar with the fascinating career of this 
illustrious son of India. It is well documented ‘how Samanta Chandra 
Sekhar, unaided by patronage and ‘the benefit of interaction with peers, 
laboured for years to take meticulous observations of celestial bodies 
with simple instruments devised by himself, how he was able to achieve 
astonishing accuracy in his work, that he proposed a credible geo-helio- 
centric model of the solar system, and that he recorded his findings in 
beautiful metrical Sanskrit verse in a treatise entitled Siddhanta 
Darpana. 


Samanta Chandra Sekhar’s work was discovered by Prof. Jogesh 
Chandra Ray of Ravenshaw College, Cuttack who arranged tor its 
publication in 1899. A detailed article assessing Samanta Chandra 
Sekhar’s work was sent to the leading journals of the day. The 
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achievement of Samanta Chandra Sekhar was acclaimed in glowing 
terms by the journals Nature and Knowledge. Since that time, however, 
study of Samanta Chandra Sekhar’s contributions to astronomy has been 
somewhat sparse. There are two recent well-known papers jointly 
authored by Professors Nayak and Satapathy and also a few other 
articles. Recently. a book entitled Ancient Indian Astronomy and 
Contributions of Samanta Chandra Sekhar containing articles by severa? 
authors and edited by Prof. Satapathy, has been brought out. Several 
translations of Siddhanta Darpana are available, though none where 
translation in English has been published with Devnagari text of the 
original Siddhanta Darpan, which is the standard format for translation 
of works in Sanskrit to ensure accessibility by national and international 
scholars. 


The present conference will open with invited talks by Prof. 
M.K.Pal, Prof. S.Balchandra Rao, Shri A.K.Upadhyaya, 
Prof.K.Ramsubramanian and Dr.P.C.Nayak. The afternoon session will 
proceed with panel discussion on three broad themes, namely, (1) 
scientific issues relating to Samanta Chandra Sekhar’s contributions to 
astronomy, (ii) the historical perspective and the impact of Samanta 
Chandra Sekhar’s work, and (iii) preparation of a translation of 
Siddhanta Darpan. 


The panel discussion on scientific issues will of course focus on 
making a critical assessment of Samanta Chandra Sekhar’s contributions 
to astronomy and on identifying scientific issues for future research. 


The panel discussion on the historical perspective and impact of 
Samanta Chandra Sekhar’s work could, inter alia, address issues of 
comparative assessment of Samanta Chandra Sekhar’s work in relation 
to that of earlier Indian astronomers and also focus on resolving 
unsettled questions regarding Samanta Chandra Sekhar’s career and its 
impact on religious life in the eastern part of the country. 


Preparation of a standard translation of Siddhanta Darpan will 
go a long way in facilitating research on Samanta Chandra Sekhar’s 
contributions. A translation containing, for each shloka in Siddhanta 
Darpan, the following six elements i.e. (a) the original shloka, (b) its 
padachhed, (c) its anvaya (d) meaning of words in the shloka in English, 
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(e) a running translation in simple English, and (f) annotations wherever 
necessary, could be considered. Publication of an anthology of hard to 
find source materials on Samanta Chandra Sekhar and his work, 
inclu«’.ng a reproduction of the original talapatra manuscript, can also be 
takeis up, possibly with assistance from Government of India’s 
programme for preservation of manuscripts. 


A proposal for publishing a popular scientific treatment of the 
scientific contributions made by Samanta Chandra Sekhar, which is self- 
contained and complete (in the sense that it defines and explains all 
relevant astronomical terms) and which is easily accessible to, say, 
science students at the higher secondary level, could also be taken up for 
consideration. Such a scientific treatment will be of immense value in 
popularizing understanding of the scientific contributions of Samanta 
Chandra Sekhar. 


Since Samanta Chandra Sekhar lived in a relatively recent 
period, a large amount of authenticated and anecdotal information about 
his career and methods of work, including the instruments utilized by 
him, is available. Research On Samanta Chandra Sekhar’s work therefore 
has a particular importance in that it is likely to lead to unique insights 
into the approach and methodology of traditional Indian Astronomy. 


The study of the history of science has long been a recognized 
academic discipline with peer-reviewed journals. Some of the leading 
Universities in the world even have a separate department meant 
exclusively for the study of the history of science. It is hoped that once 
source materials are easily accessible, doctoral research on Samanta 
Chandra Sekhar’s contributions and career can be taken up. Perhaps in 
due course there will be sequels to this Symposium so that all of the 
important unanswered questions about Samanta Chandra Sekhar’s 
contributions can be addressed and resolved. 
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INAUGURAL REMARKS 


M.G.K. Menon, F.R.S. 
Dr. V. Sarabhai Distinguished Professor of ISRO, N. Delhi 


I am happy to participate in this National Symposium organized 
by the Institute of Physics, Bhubaneswar to commemorate the death 
centenary of Samanta Chandra Sekhar. 


I had the privilege of delivering the First Annual Samanta 
Chandra Sekhar Memorial Science Lecture under the auspices of the 
Orissa Bigyan Academy, Bhubaneswar on 10" June, 2004 at the 
conclusion of the death centenary year of Samanta Chandra Sekhar; the 
year had started in June 2003. In that lecture I had outlined the life and 
work of Samanta Chandra Sekhar and what we can today learn from it. 
The title of my talk was “Vistas in Astronomy and Astrophysics (an 
interesting interplay of accuracies and orders of magnitude)”. I tried to 
illustrate this topic, through the contributions from the work of Samanta 
Chandra Sekhar, and also in terms of the type of problems one is dealing 
with today. I shall not repeat all of that here. 


Samanta Chandra Sekhar came from a royal family in Orissa, 
and need not have proceeded along the path he selected, of a life 
dedicated to astronomical observations. For him, working in astronomy 
was a direct result of a preliminary training in astrology. As soon as he 
started looking at the sky, to see the constellations, he had an intense 
desire to locate the star positions precisely. He found that when he 
made actual measurements with a graduated rod, there was a discrepancy 
between what he had figured out from the famous Siddhantas, and his 
observations. So he proceeded to make his own instruments: an 
armillary sphere and a vertical wheel, a measuring instrument which he 
called “Manayantra” which is really a tangent staff. He used this with 
marvelous precision. 


Samanta Chandra Sekhar had composed a treatise “Siddhant 
Darpan” in Sanskrit with 2284 shlokas of his own and 216 citations from 
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earlier authors. It was translated into Oriya on two occasions. It largely 
remained unknown beyond the boundaries of Orissa. Public awareness 
relating to this magnificent work came through the scholarly 
introduction of 56 pages by Prof. Jogesh Chandra Ray. As a result, one 
is today aware of the monumental nature of the life and work of Samanta 


Chandra Sekhar. 


I cannot, in this brief introduction, either go into the details of 
Siddhant Darpan nor improve upon the introduction to that work by 
Prof. Jogesh Chandra Ray. My purpose in this inaugural talk is only to 
bring out a few aspects relating to what we can learn from the life and 
work of Samanta Chandra Sekhar. 


First, we have to realize that we had a long line of outstanding 
scholars who worked in the field of astronomy and mathematics. We 
had, of course, the great Aryabhatta 1 of Kusamapura, born in 476 AD, 
who wrote his first famous work at the age of 23. He proposed the 
theory of the earth's daily rotation and was the first person who 
successfully solved indeterminate equations of the first degree. 
Thereafter, we have had Varaha Mihira of Ujjain, then Brahma Gupta, 
who was both a practical astronomer and great algebraist, of Bhillamala 
in Rajasthan, Bhaskara 1 (574 AD) of Vallabhi, Gujarat and Bhaskara 
IH (1114 AD) of Vijjalavida, Vijapur; this was when the differential 
calculus was first made use of in India. From then, this great line of 
astronomer-mathematicians came to an end, until Samanta Chandra 
Sekhara; the only great work in between was that of the mathematicians 
Nukantha Somayaji, Pudumana Somayaji and others of the Kerala 
School. 


Samanta Chandra Sekhar was thus an inspired figure who came 
up on his own after a long gap in our history of astronomer- 
mathematicians. Bhaskara II was his role model. 


Samanta Chandra Sekhar was essentially a naked eyed 
astronomer who produced his tables with astonishing accuracy. There 
was nothing that was recorded in the Siddhant Darpan which had not 
been verified through observation. 


He was striving for knowledge for its own sake, and learnt 
everything that he knew in astronomy and mathematics on his own. 
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It is unfortunate that, during his lifetime, Samanta Chandra 
Sekhar did not get due recognition from society. As we conclude the 
100 years since his death, it is important for us to revisit his works. This 
is not from the viewpoint of comparing them with the accurate 
measurements that are possible today, nor the range of phenomena now 
observed and measured. It should also not be from the viewpoint of 
focusing on his greatness or on the glorification of his works. It must be 
from the viewpoint of understanding the manner in which the spirit of 
science motivated one who lived at that time to become a true seeker for 
knowledge. 


All over the world, in the early days of scientific discoveries, 
before it became a profession as it is today, scientists have been 
motivated from within, not by awards or rewards, but by the intense 
desire to understand nature. Samanta Chandra Sekhar must be regarded 
as one amongst these. 


Today the situation has changed quite radically, with science 
being a large professional activity, with individuals making a career out 
of it, seeking awards and rewards. Amongst these there are those who 
are truly motivated from within, by their intense sense of curiosity. But 
for large numbers of others, it is a career, like many others, to be 
pursued, perhaps with the high degree of competence in theory or 
experiment, acquired through education and training. 


I come now to the important topic of the status of experimental 
research in India in modern times. Contemporary with the life of 
Samanta Chandra Sekhar, there was the start of a renaissance in modern 
science in India. The earliest amongst the great scientists of this 
renaissance was Sir J.C. Bose, who did outstanding experimental work 
with extremely limited facilities: this related to the generation, 
propagation and detection of radio waves in the millimeter wave length; 
he devised his own experimental facilities, one of which, a detector, can 
be regarded as the forerunner ‘of modern micro-electromces. Sir J.C. 
Bose then turned to biophysics, where also he did experimental work 
using extremely sensitive detector devices. And there was the great Sir 
C.V. Raman, who won the Nobel Prize in 1930, for his discovery of the 
Raman Effect. He worked with very simple equipment, but with a deep 
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understanding of the questions he was seeking to answer, and a high 
degree of physical intuition. And there have been others. 


I would like to recall, on a personal note, that early cosmic ray 
research in India was at the cutting edge, and India played a leading role 
in that research. Underground experiments for proton decay at Kolar 
Gold mines, and muon and neutrino studies were at the forefront of 
science; and the leadership of Indian groups in these fields was 
recognized internationally. Earlier emulsion work relating to elementary 
particles was equally pioneering, as was the cosmic ray work on the 
primary radiation — heavy nuclei and electrons; and work with major 
experimental facilities on ground based high energy cosmic ray studies. 
All of the work on the nuclear energy program was supported by high 
quality experimental work on various aspects of low energy nuclear 
physics such as neutron scattering and diffraction, fission physics and 
the like. 


At present in the area in which Samanta Chandra Sekhar 
worked, we have modern experimental facilities in India which are at the 
forefront of science. Facilities like the Ooty Cylindrical Radio Telescope 
and GMRT at Narayangaon near Pune, both of the TIFR; the mm wave 
telescope at the Raman Research Institute, Bangalore; the infra red 
telescope of the Physical Research Laboratory at Gurushikar, Mount 
Abu; and others are of world class, built by dedicated Indian scientists. 
There are optical telescope facilities at Kodaikanal, Kavalur and Hanle 
(Ladakh) of the Indian Institute of Astrophysics, Bangalore; and of the 
UP State Observatory at Nainital. The balloon based abilities of TIFR 
enable coverage of the range of windows from X rays to infra red. The 
need now is to build talented and skilled manpower which can utilize the 
full potential of such facilities. What is needed is to spread the scientific 
spirit among the younger generation about the excitement of science and 
the opportunities available. 


Education about Samanta Chandra Sekhar’s work, and his 
approach, can be highly motivational for young researchers in 
experimental physics; they do not have to struggle like he had to. One 
can encourage the students to build tools used by Samanta Chandra 
Sekhar to re-discover the excitement of studying the motion of 
astronomical bodies. There should be laboratory demonstrations of 
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making astronomical observations, for students at the school and college 
levels, which will enthuse them to study these subjects of fundamental 
importance. Though astronomy has made tremendous progress, the 
ordinary man’s familiarity with the skies has not matched this progress. 
But the interest in this fascinating area is all there, ready to be tapped. 


To re-gain the status of leadership in experimental research, a 
strong drive is needed at various levels. For this, the culture to do 
experimental physics in India has to undergo basic changes. Strong 
collaborations among different groups have to be started. At the same 
time basic training of students, which provides them motivation to take 
up experimental science as a research career, has to be started. 
Experimental work tends to be long and arduous, and is often done by 
large groups in which the individual may feel lost. Those are indeed 
frustrating aspects that have to be overcome. But the large facilities 
created can be meaningful only when there are supporting experimental 
groups who can use them fully. We have to achieve the real potential of 
experimental science in India, as exemplified by Samanta Chandra 
Sekhar who in his own time, with simple facilities created by himself, 
and self motivated carried out measurements that are still the basis for 
almanacs in use. 
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KEYNOTE ADDRESS 


Manoj K. Pal 
41, Elgin Road, Kolkata — 20, Indla 


On this great occasion when experts on Astronomy have 
assembled to pay their tribute to the last great Siddhanta astronomer of 
India, I recall that I had delivered some years ago during my visit to the 
IOP a lecture on the history of Astronomy in the ancient civilizations 
under the auspices of the Samanta Chandra Sekhar Amateur 
Astronomers’ Association. A considerably extended version of that 
lecture has been included in a Narosa publication (2003), ed. L. 
Satpathy. In the preface to the book the editor rightly observed, “For 
developing an integral perspective of the subject (Samanta Chandra 
Sekhar’s life and works) by the readers, allied topics on the development 
of astronomy in ancient civilizations and astronomical studies by Galileo 
etc. have been included in this book’. I am deeply indebted to the 
organisers of this national symposium for summoning me and specifying 
the title for my talk - “Historical developments of Astronomy’ -— 
presumably for the same purpose of providing an ‘integral perspective’. 
Normally it would be very awkward for any speaker to speak twice on 
the same subject in the same place and before an audience at least half of 
which comprises the same listeners. However, although only a little over 
five years separate the two occasions, I have the excuse that already a 
century has ended between the two. The end of a century has at least a 
great symbolic significance as is witnessed. by the recent spurt of 
undertakings by erudite individuals and some cultural organisations to 
compile the records of the past century in their respective areas of 
interest. About a couple of years ago, a Bengali journal asked me to 
write the history of science in Bengal in the whole of the twentieth 
century. While complying with the request, 1 realized that the 
perspective of science, even on the worldwide scale underwent a total 
transformation in the span of a few years of the transition point from the 
nineteenth to the twentieth century. It is too early, at least for me, 10 
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comprehend whether such a transformation has again occurred on the 
two sides of the year 2000; however in the present instance my own 
perspective on the subject, 1am supposed to dwell on, has changed while 
reviewing the renaissance of Indian science for my Bengali article. A lot 
of what I shall say to-day is formulated in the context of that 
renaissance. Five years ago, I uttered a few eulogies on Samanta 
Chandra Sekhar and leavened up the dough of history as much as I 
could. To-day 1 shall present only a short summary of the history of 
Astronomy as such, which is not unknown to this audience, and shall 
devote most of my time to the memory of the great man and the deep 
significance of his work, according to my humble reckoning in the 
history of our renaissance. 1 must confess that my knowledge of 
astronomy is of the school boyish level and I do not truly deserve to be 
here, of all things, to give the keynote address. I accepted the invitation, 
fully aware of my limitations, just because it gives me the opportunity of 
expressing my newly acquired thoughts on the greatness of Samanta 
Chandra Sekhar. I shall come to that in due course and hope that it may 
appeal to you as one more flower plucked by an admirer to be strung on 
to the composite garland of tributes you would be offering to his 
memory in this commemorati € symposium. 


First, the history of Astronomy in brief. It is the first scientific 
discipline created by man in Egypt, Babylonia/Chaldea, Greece, India 
and China starting several millennia before the commencement of the 
Christian era. The Arabs are the latest whose genius in Astronomy 
flourished after the Abbasid Khalifate dislodged (750 AD) the Umayads 
of Syria and established itself in Baghdad. They translated all the texts 
available in the middle east, and had set up an observatory at 
Samarkhand. But let me start at the beginning : the Egyptians had 
determined that a year consists of 365 4 days form their observations on 
the heliacal rising of the brightest star (Sirius) they called Sothi, that 
takes place once a year. They knew the use of the gnomon and shadows 
cast by it to accurately determine the east-west, north-south directions 
evidenced by the precise alignment of some of the great pyramids dated 
around 2500 BC. The Chaldeans made the largest contributions in the 
ancient world. Skywatching from the terraced temples was a favourite 
practice of their priests. They located the equatorial circle and the 
ecliptic and had introduced the concepts of the equinoxes and the 
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solstices - the four cardinal points. They defined the position of heavenly 
bodies by two angles ~ the equivalent of latitude and longitude. 
Babylonian astronomer Kidinnu was the first to discover the precession 
of the equinox in 383 BC. They knew the difference between the lunar 
and the solar months and had introduced seven intercalary months at 
intervals of 19 years to bring the two calendars into coincidence. They 
identified and named the 27 asterisms that mark the positions of the 
moon in successive nights of the month, and later introduced the twelve 
signs of the zodiac. From extensive data on eclipses they had prepared 
the famous Babylonian Saros which, they believed, would predict the 
sequence and time of the eclipses within a cycle of nearly 18 years. 
Many of their data on astronomical events were marked out on stone 
tablets on the facades of their temples. The Greeks learnt their 
astronomy from the Chaldeans. Hipparchus, the curator of an 
observatory on the island of Rhodes independently discovered the 
precession of the equinox in 126 BC. He had constructed many precision 
instruments for observation, and left a wealth of data on stellar positions. 
Ptolemy of the famous Alexandrian school inherited these data, used 
instruments of similar design and continued the traditions. The data and 
his methods of computation, laid down in a voluminous book called 
‘Syntaxis’ circulated in the middle east for many centuries. The Arabic 
translation named ‘Almagest’ reached India after the Siddhanta era. The 
Chinese, who are proverbially good at recording data have kept records 
of meteoric showers, 29 appearances of Halley’s comet, 90 novae and 
supernovae, intense sun spot activities, and every eclipse for many 
centuries. They knew the asterisms, signs of the zodiac, had their first 
calendar in 221 BC and a star catalogue in the 4" century BC. They also 
determined the length of the year as 365 4 days and introduced the lunar 
solar adjustment every 19 years introducing intercalaries. They were 
good at instrumentation too — invented the armillary sphere (400 BC) 
and a celestial globe driven by water. In India there is a lot of 
astronomical information in the Vedas — the sun’s uttarayana and 
daksinayana, names given to months and seasons, the names of 27 
(sometimes 28) asterisms, the signs of the zodiac. During the Vedanga 
period emphasis shifted from collecting observed data to achieving more 
computational precision. M.N. Saha and his colleagues on the Indian 
Calendar Reforms Committee prepared an elaborate review of the three 
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periods — Vedic, Vedanga and Siddhanta of Indian Astronomy. They 
ascribed the approximate ranges (antiquity-1300 BC), (1300 BC-400AD) 
and (400 AD- 1200AD) for the three successive periods and commented 
on a few centuries of a lull in the activities between the Vedanga and the 
Siddhanta eras. They attributed this to the ban on the practice of 
Astrology since the days of Lord Buddha, followed by a similar stricture 
imposed by Emperor Candragupta in obedience to his preceptor 
Canakya. After careful analysis of historical records the Calendar 
Reforms Committee determined that there was no direct influence of 
Greek Astronomy then prevalent in the middle-east, on our Siddhanta 
Astronomers; but the Sakas and Kusanas, according to Saha, brought the 
contemporaneous knowledge of Astronomy from Bactria to north-west 
India. This latest exposure initiated the great spurt of activities in the 
Siddhanta era. Surya Siddhanta is assigned a date in the third century 
AD, followed by the blazing luminaries Aryabhatta, Barahamihira, 
Sripati, Munjala, the two Bhaskaras - all placed between the 5" and the 
12” centuries. The Kerala Siddhanta school continued thereafter till 
above 1500 AD (some say till the 18" century) and the great names 
associated with the school are Madhava, Parameswara, Nilakantha 
Somayaji and several others. Observatories, now called Jantar Mantar, 
were built (1724) by Sawai Jaisingh (1686- 1743) but these were not 
used very intensively because astronomical telescopes from Europe had 
soon arrived in India ~— the first one in Madras in 1786. 


The last exponent of Indian Siddhanta Astronomy, Samanta 
Chandra Sekhar, lived here in Orissa from 1835 to 1904. He had his 
liberal education at home, mostly by himself, in Sanskrit Vyakarana, 
Kavyas, Smriti, Puranas and Darshana, followed by specialised studies 
in Vijaganita, Jyotish, Surya Siddhanta and Siddhanta Shiromai by 
Bhaskar. As a boy of fifteen he was drawn to sky watching out of 
personal love. He constructed his own instruments, acquired a great 
personal skill in using them for accurate observations on the position of 
the sun, moon, planets and stars. When he found by repeated 
observations that the measured values in most cases do not agree with 
results computed by the method he learned in the famous Siddhanta 
texts, he boldly concluded that the latter are in error, not his 
experimental determinations. He then Started writing his Siddhanta 
Darpana, simultaneously with his daily observations and analyses of 
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data, on palm leaves using the Oriya script to write beautifully composed 
Sanskrit verses in the Siddhantic style he was familiar with. The book 
contains all his observed data, improved methods of computations and 
corrections. The book was completed in 1869. Professor Mahesh 
Chandra Nyayaratna, principal of the Sanskrit College of Calcutta, got to 
know this genius, flowering in a remote village of Orissa in the hills 
surrounded by forests, and perhaps through him Jogesh Chandra Ray 
then the Professor of Physical Science in Cuttack College (presently the 
Ravenshaw College) built up a historical association with the author of a 
great treatise. Chandra Sekhar perhaps had not given any thought that 
left on the palrn leaves, his precious work would soon perish with the 
decay of the leaves or that of the ink, whichever were to occur earlier. 
J.C. Ray arranged to write the manuscript on paper in Bengali script and 
the book was published 30 years after its completion by a Calcutta press 
in 1899 in the Devanagari script. Ray had written an erudite introduction 
in English highlighting the main scientific contributions of Chandra 
Sekhar and comparing his geocentric model of our solar system with that 
of Tycho Brahe. 


None of the recent informative articles on Samanta Chandra 
Sekhar’s life and works, in my estimate, matches the direct personal 
involvement of Ray at the closest human level with the man he decided 
to introduce to the world. He presents the scientific achievements with 
scholarly detachment, at times mildly critical, but generally oozing with 
his deep appreciation of the scientific excellence achieved by the author. 
Some of the highlights which, I am sure, will be discussed here at length 
by the experts, are listed below : (i) determination of the mean 
inclination of the planetary orbits to the ecliptic, (ii) only Indian 
astronomer of the Siddhanta school who has detected all three 
irregularities of the moon, (iii) his values of the horizontal parallax of 
the sun and the moon agree closely with modern valucs; he boldly 
revised the obsolete value of ratio of the earth-sun distance to the earth- 
moon distance, (iv) he determined the longitudes of the sun, moon and 
five planets within an accuracy of one degree and corrected the 
traditional almanacs. Out of the observations of Jogesh Chandra Ray, 
displaying his concern and compassion at the human level, I quote a tew 
: (i) ‘Full meals, frugal as they are, he has not enjoyed for the last 30 
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years....The study of Astronomy had been a passion with him... Even in 
his present invalid state he would willingly sit up a whole night if it were 
for anything connected with his favourite subject;’ (ii) ‘It is not enough 
to find in this man a true love of science who, regardless of other 
people’s unfavourable opinion of his work, their taunts and dissuasions, 
has devoted his whole life to the one pursuit of knowledge’; (1ii) ‘the 
parallel between (Tyeho and Chandra Sekhar) fails when we remember 
that Tycho had the benefit of a university education, of the patronage of 
kings and, what is more important, he had instruments as delicate as he 
could desire. Chandra Sekhar has spent his life among his native hills... 
and did not receive any encouragement from anybody in respect of his 
work. Tycho had the friendship of Frederick II of Denmark who gave 
him an estate in Norway, a pension of £20,000 to build it with. 
Philosophers, statesmen and kings came to visit his observatory and dine 
at his table. What did our Indian Tycho receive ? He met with sneers 
from his equals... He had no one to encourage him in his pursuit and no 
notice was taken of his work. Our government could offer him only an 
empty title .... Geniuses are like delicate plants, never plentiful 
anywhere, and depend upon tender care for growth and development. Let 
me, therefore, hope that the past neglect of his countrymen may yet be 
compensated and better days may yet dawn upon our old and crippled 
observer of heavenly bodies’. 1 annotate these general observations by a 
specific remark that some recognition, though not any substantive 
financial support, had come to Chandra Sekhar from the people of Orissa 
when the Gajapati King of Puri conferred the title of ‘Harichandan 
Mahapatra’ on him in 1870, and a few years later a conference of 
Sanskrit scholars, convinced of the better accuracy of the data and 
computational methods of Siddhanta Darpana, recommended that these 
be applied to determine the tithis and auspicious moments for the 
performance of all rites in the Jagannath temple of Puri. 


I now try to highlight the role Samanta Chandra Sekhar played 
in the Indian renaissance without his knowing. There is a general 
agreement that the renaissance started in the early i19* century and ended 
before the close of the British rule in India. In Bengal it is called the 
Bengal renaissance but truly it occurred all over India in a span of a few 
years. The subsequent spurt in the nation-building activities in the post- 
independence era encompassing education at all levels, advanced 
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researches in science and other branches of knowledge, and huge 
investments in industry and technology are the results of our awakening 
harvests of the renaissance. There is a great deal of similarity with the 
Europ-an renaissance of the 14" — 17” centuries and the subsequent 
upsurge, albeit on a much bigger scale than in India, that continues till 
date and has encompassed America that was opened up to Europe in the 
wake of the said renaissance. But there is a profound difference in our 
present day analysis of the Indian renaissance which I shall now try to 
expound before coming back to Samanta Chandra Sekhar. The word 
‘naissance’, derived from Latin ‘nascentia’ literally means ‘birth’. With 
the prefix ‘re’-, the word means ‘rebirth’ or ‘revival’; keeping the 
European context in mind, we have to interpret it as a revival of the 
freedom of human thought, of the classical culture, intellectual and 
aesthetic activities in all spheres of the human life. In India, the makers 
of our renaissance must have been aware of a revival and further 
progress rooted in our classical wisdom. Stalwarts like P.C.Roy, J.C. 
Bose, M.N. Saha, S.N.Bose etc. and others of the next level of eminence 
in science were all well versed in the ancient wisdom of India in 
mathematics, physical sciences — specially chemistry, astronomy and 
medicine; some of them made it a special point to find out and explore 
the old texts and disseminate their contents to people at large. I shall cite 
only one instance here because it has a relevance to Chandra Sekhar. In 
his address as the Sectional President in Physics and Mathematics of the 
Indian Science Congress (1926), M.N. Saha quoted a few lines from a 
ninth century Sanskrit text on Chemistry, called ‘Rasendra Chintamani’ 
by Dhundukanath to which his attention was drawn by his teacher P.C. 
Roy. 1 quote here Saha’s translation into English: ‘I have heard much 
from the lips of savants, I have seen many formulae well-established in 
scriptures, but I am not recording any which I have not done myself. I 
am fearlessly recording only those that I have carried out before my 
elders with my own hand. Only they are to be regarded as real teachers 
who can show by experiments what they teach. They are the deserving 
pupils who can actually perform them after having learnt from their 
teachers. The rest are merely stage actors’. I shall make several remarks : 
(a) we hear the same kind of assertion from Samanta Chandra Sekhar 
about the contents of Siddhanta Darpana; (b) the first European who 
emphasized experiments was the Oxford Friar Roger Bacon (1214-1294) 


Digitized by srujan ka@gmail.com 


20 M.K. Pal 


who lived about four centuries after Dhundukanath. He was a chemist 
but was versatile enough to have published papers on physics and 
mathematics too; but he was imprisoned by the dictates of the Christian 
Church for prolonged periods for his ‘heretic’ views and perhaps died in 
captivity. This was civilized Europe in the mediaeval age, whose heirs 
and successors ruling India a few centuries later alleged that India was 
an uncivilized pagan country that needed to be civilized with 
Christianity; (c) the definition of stage actors in science was taken quite 
seriously by Saha at the time of delivering his address; he issued a 
warning against them apprehending that they could vitiate the progress 
of new science in India. The question 1 ask myself 78 years after Saha’s 
expression of concern, ‘wasn’t Saha very wise in his foresight?’ 


To come back to some other makers of the Indian renaissance, I 
mention Iswarchandra, Rammohan Roy, Bankim Chandra, Debendranath 
Tagore, Keshab Chandra Sen, Swami Vivekananda and Rabindranath 
Tagore out of a galaxy of genius who combined their knowledge and 
faith in our ancient wisdom with a discriminating assimilation of the best 
in the new knowledge coming from the west. All of them worked for 
cleaning up the accumulated accretion of superstitions, bigotry, 
ignorance, derogatory caste stratification and many other heartless evils 
of the society, in particular those inflicted on women; they revived the 
society with a new life breath and placed it on a track of progress by an 
amalgamation of our ancient wisdom in religion, philosophy and the 
rudiments of science with the new dynamism of Europe in science and 

, technology thereby assuring a harmonious growth of both the material as 
well as moral and spiritual life. I have cited the names only from Bengal 
Just because I am more familiar with them and I know that the list can be 
easily made comprehensive with the names of the great pioneers from 
whole country. 


Unfortunately, this essential aspect of renaissance has gradually 
lost its relevance in India with the emergence of a so-called progressive 
intelligentsia. They can reproduce what they learnt by rote as ardent 
students in Oxford, Cambridge or Harvard about European history and 
the vital link of the European renaissance with the classical wisdom of 
Greece — a thesis catered almost universally by European scholars. But 
in the case of their own country where a somewhat superior and better 
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treasure of classical wisdom is available, they decry such linkage as 
obscurantism, if not Hindu fundamentalism. In their opinion, our 
renaissance is entirely a boon of our exposure to English education 
introduced in the early 19" century. As a result of this dominant view 
which, as already stressed, is opposed to the spirit of the founders of the 
renaissance, the majority of the generation of scientists, technologists, 
litterataurs, and other intellectuals thriving in the post-independence era 
know very little of India’s wisdom prevalent till about the 12" century or 
even somewhat later, definitely at par, if not superior to that of 
contemporaneous Europe. pC ure the long European medieval age of 
stagnancy (5" to the 15" century), their intellectual activity called 
scholasticism was a monopoly of:the church fathers and monks of 
different orders who were deeply engrossed with analyzing and re- 
analyzing the Christian dogmas of Trinity, the single or double nature of 
Jesus and even the reality of the Eucharist. The renaissance came after 
about 1000 years of such degeneracy and stagnation of culture. In India 
our progress was arrested some time after the 12” century till the advent 
of the renaissance after about 700 years. These centuries coincide with 
the political and social chaos which I need not discuss here. 


Coming back to my main topic, I identify without any hesitation, 
Jogesh Chandra Ray as a genuine produce of our renaissance — 
acquainted through his institutional education with all the up-to-date 
knowledge of his time in Astronomy, state-of-the-art instrumentation 
comprising astronomical telescopes, spectroscopes and other gadgets 
but, at the same time, deeply respectful of Siddhanta Astronomy and our 
illustrious astronomers of the past. His well documented-critical opinion 
about lack of any direct influence of Ptolemy’s Syntaxis on Aryabhatta 
and other Siddhanta astronomers is respectfully supported by M.N. Saha 
and his Calendar Reforms Committee, whose opinion on the new surge 
coming via the Sakas and Kusanas has been already mentioned. This is 
just to stress the respect J.C. Ray has been paid by other exponents of 
the Indian renaissance. It must have been a godsend for this true son of 
the renaissance to have discovered Samanta Chandra Sekhar, walking to 
him in real flesh and blood, as if out of the pages of the history of 
Siddhanta Astronomy many centuries old by that time. He tested the 
simple man’s knowledge of Astronomy to start with and gradually found 
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from intimate personal contact with Chandra Sekhar how dedicated and 
original he was in pursing single handedly his untutored mission. For 
Jogesh Chandra, Samanta Chandra Sekhar became the living link of the 
renaissance — singular practitioner of the old knowledge of Siddhanta 


Astronomy. 


Nilakantha Somayaji’s works dated around 1500 AD were 
anterior to Tycho Brahe’s and establish the fact that Indian astronomical 
research was definitely at par with the European up to Nilakantha’s age. 
He is pre-renaissance and represents the near unbroken continuity of 
Siddhanta works up to his time. Samanta Chandra Sekhar belonged, 
without his knowing, to the Indian renaissance and performed the rare 
act of reviving and improving upon old knowledge - a kind of 
contribution that transforms ‘naissance’ to a genuine renaissance. 
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ABSTRACT 


Samanta Chandra Sekhar is a celebrated traditional Indian 
astronomer from Orissa. The Samanta, who flourished towards the end 
of the Nineteenth century, was a self-trained astute astronomer who was 
completely insulated from Western knowledge — both English language 
and European astronomy. 


In the present paper we have made an attempt to highlight some 
computational aspccts of the Samanta’s text, Siddhanta Darpana and 
compared the results with those of modem astronomical procedurcs as 
also of the popular karana text, Grahalaghavam. As a test case, the 
latest lunar eclipse is worked out based on the Samanta’s procedurc. 


1. Introduction 


Samanta Chandra Sekhar - generally called Pathani Samanta - 
was bom on December 13, 1835 in the royal family of the erstwhile 
princely state of Khandpara in Orissa. From his young age the Samanta 
developed a great interest in astronomy and mastcred traditional Sanskrit 
texts like the Surya siddhanta and Bhaskara’s Siddhanta Siromani. He 
developed his own crude instruments for observing the planets and 
constellations. While the Samanta kept himself busy observing the 
heavenly bodics since he was 15 years old, it was only when he was 
around twenty-three years that he started systematically recording his 
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observations. Threc ycar later he composed his treatise in Sanskrit, 
Siddhanta darpana. Prof. Jogcsh Chandra Ray of-Cuttack College (now 
Ravenshaw Coltcgc) played the pivotal role in not only introducing the 
astronomer Samanta to the world but even in arranging to-gct published 
his astronomical treatise, Siddhanta Darpana (hereafter SD). Later, in 
1893, Samanta Chandra Sekhar was conferred with the coveted title 
Mahamahopdadhyaya by the British Govt., thanks to the recommenda#on 
of Prof. Nyayaratna, Principal of the Sanskrit College, Calcutta. It is 
truly heart-touching to know that the Samanta had no option but to keep 
the manuscript of his Sanskrit treatise, written on palm leaves in the 
Oriya script, for thirty ycars lying in a corner of his house. 


In SD we find a lot of innovations in the astronomical procedures 
and parameters like 
(i) the bhaganas of the heavenly bodies and 
important points in a kalpa for determining the 
mean daily motions, 


(ii) the number of civil days in a ka/lpa which defines 
the length of a solar year, 


(iii) the mean positions of planets at the Kali epoch, 


(iv) the epochal mean positions at the Samanta’s 
chosen epoch viz., April 12, 1869 at the mean 
sunrise at Laika, 


(v) the rate of precession of the equinoxes and the 
year of zero-ayanamSa, 


(vi) the inclinations of the planets’ orbital planes with 
the plane of the ecliptic (Kranti vrtta), 


(vii) determination of the celestial latitudes of the 
planets, 


(viii) the angular diameters of the sun, the moon and the 
planets, 


(ix) the paridhis (peripheries) of the manda and Sighra 
circles and so on. 
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Conceptually, what draws our attention is the heliocentric-like 
mode! of planetary model proposed by Samanta Chandra Sekhar. 
Although similar modcis were proposed earlier by Tycho Rrahe and 
Nilakantha Somay3ji, it is surely to tne credit of the Samanta that he 
evolved this planetary model independently. Most possibly hz was not 
aware of the models suggested by Brahe or Somayaji. 


In the prescnt paper we shall consider some of the innovative 
features of SD from the point of view of their computational efficacy. 


2. Revolutions (bhaganas) of bodies in a kalpa 


The usual practice, in the traditional siddhdantic texts, of 
giving the mean daily motions (madhyama gati) of the heavenly 
bodies is through the numbers of revolutions (bhaganas) executed 
by these bodies in a „୧୭୫ period of a mahdyuga (432 × 10* years) 
nr a kalpau (432 × 10” years). The Samanta presents a revised set of 
the bhaganas in a kalpa. 


war pirat Wrifiaal afc TE: 
PT ୪୪ ସୀ ଷ ଅ ara: 


ସ୍ପ ଖତ ନା ହି: har 
ସନ୍ଧି ନ୍ଧ ଖ୩୍କ ଏ କୁଙ ଖୀ ଙ ୪ ig 


ST am TA Taso STE 
TOTO TUTTO DNV aug TT: TA: | 
weet Aad qo Yaad: Aart Fh far 
quIgୁଏ % ପୀ ୟଙ% ମସ: ସ୍ାବମଗୀ ତୀ: ୪୪୩: 1! 2 ।। 
- SD, Madhyamadhixara, Pra.2, 1-2 
In Table 2 we have compared his values with those of the 


Silva siddhdanta (SS) and with our suggested vaiuves tor the 
Ohaganas. 
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Bodics 


Proposed 
S Modern 
i, Budha & 4,32,00,00,000 4,32,00,00,000 | 4,32,00,00,000 

uKra 


57,75,33,36,000 $7,75,33,36,000 | 57,75,29,85,910 
2,29,68,32,000 2,29,68,71,112 | 2,29,68,76,453 
36,42,20.000 36,41,55,205 36,41,95,066 


Table 2: Bhaganas of bodies in a kalpa (432 × 10” years) 
S. S. 


D 


14,65,68,000 14,66,49,716 14,66,56,219 
Budha sighrocca | 17,93,70,60,000 17,93,69,67,141 | 17,93,70,33,867 
7,02,23,76,000 7,02,22,57,860 | 7,02,22,60,402 


We notice from Table 2 that the Samanta has rightly modified 
the bhaganas of all the five taragrahas from the ones according to the 
Siirya Siddhanta (SS). While the figure is enhanced in the case of Kuja 
and Sani, the same are diminished in the case of Guru, Budha Sighrocca 
and Sukra sighrocca. We have correspondingly a similar behaviour in 
respect of these bodies in our proposed modern values. In fact, the SD 
values would have been still closer to the proposed modern values if only 
the Samanta had preferred a better value for the civil days. 


in the case of Guru (Jupiter), for example, the motion of the 
sidereal planet is 10925661" .4 in a Julian century of 36525 days. Now, 
for the mahayuga of 1,57,79,07,487 days, the bhaganas of sidereal 
Jupiter come to 3,64,195.066. Therefore in a kalpa the bhaganas, by 
multiplying the above figure by 1000, work out to be 36,41,95,066. 


3. Mandoccas (apogees) of planets 


While a mean planet moves, with uniform angular velocity, 
along the deferent circle say of radius R, the manda - corrected (true) 
planet moves along the manda (vrita) epicycle, say of periphery p. On 
this epicycle the manda-ucca (apogee) U and its geometrically opposite 
point, mandu-nica N arc situated. While U is the farthest point, Nis the 
nearest point to the obscrver. 
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Most of the ancient Indian astronomers assumed the mandoccas 
of the planets, including that of the sun, as fixed. Only the moon's 
mandocca was considered moving. They were not essentially off-the- 
mark since the mandoccas of plancts move too slowly. Again, the 
ancient and medieval Indian astronomers assigned reasonably a good 
value for the rate of motion of the moon’s mandocca. It was only the 
Sirya Siddhanta (SS) that prescribed bhaganas for the mandoccas of the 
planets in a kalpa. Chandra Sekhar Simha has rightly noticed that the 
apogees have a motion, though slow, and given their mean rates in terms 
of bhaganas. 


wafeqehr Hg T WTO: UTA ATATAT: 
MISA afl କୁ qonT Tamara 
quae: TIGA MOY FH 
uqSay Ufa: Faw Hf Ar Tea: 1131 
-SD, Madhyaméadhikéara, Pra.2, $1.3 


These are compared with the bhaganas according to SS and our 
proposed values in Table 3. 


Table 3: Bhaganas of Mandoccas of the bodies in a kalpa 


Chey [88 [Sp | Prepaid Moder | 
Ei DON. COE 2 ONO 
TE 1 
CO Eu 
୮ ୩ 
2 


1,439 
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The motion of the mandoccas of the planets are very small even 
over a long period. Only in the case of the moon its mandocca has a 
significant rate of motion. The moon’s mandocca moves at 40°.676495 
per year according to the Siddhanta Darpana and at 40°.67709 per year 
as‘per modern computation. 


On the other hand, the mandocca of Kuja (Mars) moves at the 
rate of 0”.093 per year and the modern known rate is 16”.0101. It is 
intcresting to note that the bhaganas, for the mandoccas of planets, as 
given by the Samanta are quite comparable to the ones according to the 
Siimva siddhanta. Although the ratcs as per SD are far away from the 
modern known values we should not fail to acknowledge that 


(i) the Samanta conceptually recognized the slow motion of the 
mandoccas (while in most of the traditional texts these are 
fixed) and 


(ii) the error in the computation of /rue positions of the planets 
caused by the incorrcct rates of the mandoccas’ slow 
motion is totally insignificant. 


4.1 Manda Paridhi and equation of centre 


As pointed out in section 3, all the planets, the sun and the 
moon move in their respective manda epicycles. The resulting 
equation is called mandaphala which corresponds to the “equation 
of centre” in the modern heliocentric model. In fact, with a couple 
of small approximations, the mandaphala (MP) is given by 


a 
MP = —sin(m 
(m) 


(4.1) 
wherc m is the mandakendra (anomaly), a and R are respectively the 
peripheries (paridhis) of the manda epicycle and the common deferent 
circle. The ratio a/R is taken as that of the two peripheries expressed in 
degrees. The periphery of the deferent circle is taken as R = 360°, a 
constant, common to all the bodies. The pcripheries a have different 
valucs (in degrees) for different bodies. While a few traditional Indian 
astronomers — notably Brahmagupta in his Khanda khadyaka — took the 
periphery a of cach planct as a constant, many others have rightly 
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considered a variable periphery a for each body. They have prescribed 
the minimum and the maximum values for a. For them a is a function of 
the mandakendra (anomaly m). The ranges of variations of the manda 
peripheries for the heavenly bodies according to different texts are listed 
in Table 4. 


Table 4: Manda peripheries 


Body KK & Modern 
୫ । Aryabha(a | Sfirya siddhanta proposed (Deg 


63° to 81° 72° to 75° 59.3-74.92 


i 0 28° to 30° 109.8-184.72 
2 32° to 33° 32.69-36.89 


uru 


40°.5 to 0 0 


Note :- KK : Khanda khadyaka, VSS : Varahamihira's Saura siddhanta. 


In the case of variable peripheries, the lefthand (lesser) values 
are the values of the periphery a at the end of the odd quadrants (m = 90° 


or 270°) and the righthand (higher) values at the end of the even 
quadrants (m = 180° or 360°). Here, m is the mandakendra, the anomaly 
from the mandocca. 


If a. and a are the peripheries at the ends of even and odd 
quadrants respcctively then thc variable periphery a at any instant, as a 
function of a m, is given by 


a= a, — (a, — a )|sin | 


Chandra Sekhar Samanta gives the following mcan (madhyama) 
paridhis (in degrees) of the manda vritas of the taragrahas: 
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Gua HTC SATA ARTE: | 
arEferraara Mad: Raga 11 Ro? 11 
-SD, Sphut dadhikéra, Pra.S, 51.101 


Kuja 69, Budha 27, Guru 34/30, Sukra 12 and Sani 39. The 
Samanta provides methods for the computation of the true paridhi of 
each planet. These paridhis are functions of the marida anomaly and 
hence variable. 


We have to appreciate the important point that it is this 
variuble nature of the manda epicycle that results in tbe locus of 
the true planet, atleast as a very close approximation, in an 
eliiprical orbit. Here, Samanta Chandra Sekhar scores over the 
authors of the Khanda khadyaka and Varahamihira’s Saura 
siddhanta. 


4.2 Manda paridhi vis-a-vis modern computation 


The modem expression for the equation of certre, considering 
the first two .emms, in the Fourier expansion, iS 


[ 1 : 5 2 li 4}. 
£= 3e- 2 |i [3 ଓ ଖା 2m (4.2) 
N 2 


where e is the eccentricity of the elliptical orbit. Since e is gencrally 
very small, ienoring the higber powers of e, the equation of centre, to the 
first approximation is 


£ = (2e) sinm 
4.3) 


Interestingly. comparing (4.1) and (4.3) and noting that MP = £, 
we have | 


a= 2e 


However, for better accuracy, we consider the higher powers of e 
upto e* in (4.2). 


Digitized by srujan ka@gmail.com 


Scientific Contributions of Samanta Chandra Sekhar to Astronomy 31 


and e, ze 
4 24 


Let ej = ee! 


(4.4) 
Then (4.2), using (4.4), can be written as 
E = ej sinm +e, sin2m 
= ej sinm + Ze, sinmcosm 
i.e., E = (ej + Ze, cosm)sinm (4.5) 


From (4.5) we observe that the coefficient of sin /m in centre is a 
variable and a function of the anomaly m. Now, from (4.1) and (4.5) it 
follows that the ratio of the peripheries a/R of the manda epicycle 


corresponds to (ej + Ze, cos m) where ej and e; are defined in (4.4). 


However, we have to point out that the manda paridhi assigned 
to Budha (Mercury)in our traditional siddhantas does not reflect the high 
eccentricity of Budha’s (heliocentric) orbit. For example, the Siirya 
siddhanta has assigned the variabliable value 28° to 30° to Budha's 
manda paridhi. But, considering the high eccentricity of Budha'’s orbit, 
its manda periphery should vary from 109°.8 to 184°.7. Similarly, the 
manda periphery of Sukra (Venus) would be ncarly half of the 
traditionally assigned range. 


S. Civil days in a kalpa 


The traditional Indian astronomical texts give the number of civil 
days (savana dinas) in either a mahayuga (432 × 10“ years) or a kalpa 
(432 × 10’ years). In fact, the number of civil days defines the length of 
a solar year used in a particular text. The civil days in a mahdyuga 
according to different texts are compared in Table 5. 


Table 5: Civil days in a mahdayuga 


ON OO O20 
" oaiaar tai [5170 | 
hdr tiagie Grima | TST 
Mahasiddhanta (Aryabhata 11) 
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ra [saan momen tihistan ty [137916450 | 
rs smesaiine | Ta 


Taking the modern value of the sidereal (nirayana) sun’s daily 
motion as SDM = 3548" -1928098, the length of a sidereal solar year 
becomes 365.2563627378105 days. Allowing a maximum numerical 
error of ± § in the eighth digit in the value of SDM, correspondingly, the 
number of civil days in a mahdyuga turns on to be 1,57,79,07,487 days 
as shown in Table 5. 


It is not clear as to what prompted the Samanta to adopt the 
Siirya siddhanta valuc for the number of civil days. 


6. Epochal mean positions of SD 


Samanta Chandra Sekhar has given the mean positions of the 
heavenly bodics as also the special points like the mandoccas and patas 
in his SD for his chosen epoch viz., April 12, 1869 at the mean sunrise at 
Larika. These epochal mean positions of SD are compared with those 
according to the Grahalaghavam (GL) and the modem computations in 
Tablc 6. 


In Table 6, the nirayana positions of the bodies are reduced to 
the valucs with a common ayandamSa viz., the one adopted by the, Govt. 
of India based on the Calender Reform Committee Report. It is 
interesting to note that the ayanamS$sa according to SD is virtually the 
same as that of the /nd. Ast. Eph. computations for the year 1869 AD. 


Table 6: Mean positions of bodies for 12/4/1869 


. avam darpana 
358°40' 358°] 5' 358° 5' 
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Candra 04¢7 010/50 
323°35'201 ¡92034 | 322 182 
andocca | 


3°09'36" 


228°59' 22812" | 228%24' 


oo po I | 


From Table 6, we find a remarkable closeness of the SD epochal! 
positions to those according to modern astronomy. Therefore a very 
important stage for the computational veracity of planetary positions 
according to SD is guarantced. 


୬ 
LS) 
© 
— 
© 


Earlier we have noticed that the bhaganas of the bodies in a 
kalpa also bear a greater closeness to the modern computations. This 
ensures the next stage of computational efficacy of the SD procedure. 


7. Mean positions at the Kali beginning 


As per the dardhardatrika convention of Aryabhata 1 (b. 476 
A.D.), Samanta Chandra Sekhar has adopted the midnight of 17/18, 
February 3102 B.C. as the beginning of the Kali era. In the chapter on 
mean plancts sSlokas 52-55 give the mean positions of the bodies at the 
Kali beginning in liptis (minutes of arc). In the following Table 7, these 
mean positions are in degrees ctc. listed and compared with those 
according to the modern computations as also a traditional text. 
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From Table 7, we find discouragingly wide variations in the 
mean positions among the three systems chosen. According to the Stirya 
siddhanta it is assumed that all the planets, including Ketu (the moon’s 
descending node) were in conjunction while the moon’s apogee (Candra 
mandocca) was at 90° and the moon’s ascending node (Rahu) was at 
180°. It is surprising that Bhaskara II (b. 1114 A.D) almost conforms to 
this assumption of the conjunction though with very small deviations. 


Table 7: Mean positions at the Kali beginning 
Bod Siddhinta Siddhanta Proposed 
y Siromani darpana Modern 
hl 0 
359°%03'50" | 344°52'48" | 335 3725 


359°27'36 22°57'0" 73% 6'49" 
358°46'34" 330°50'24" | 36°24'51" 


0 
mandocca 
mandocca 


153%12'58 198°33'08" | 1884728" 


As regards the apogecs of the sun and the planets, most of the 
traditional texts assumed them as constants. However, the Siirya 
Siddhanta and Bhaskara’s Siddhanta Siromani recognized that the Ravi 
mandocca moves though slowly. 


| Samanta Chandra Sekhar has given a go-by to the pct 
conjunction assumption at the Kali beginning and rightly so. SD epochal 
positions as also the planetary bhaganas are all reasonably good. But 
then how come its Kali beginning positions are at variance from the 
proposed positions as per the modern computations? 
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The main culprit appears to be the ayanamSsa. Our computations, 
based on the modern known rate of the precession of the equinoxes and 
the assumption of the zero- ayandamS$a in 285 A.D., the mean ayanamsa 


works out to be — 46°34'52" . 
8. Computation of Lunar Eclipse 


The procedure of computing the circumstances of a lunar eclipse 
according to the Siddhanta Darpana is demonstrated in this section with 
an example. The latest lunar eclipse that took place on the night between 
May 4 and 5, 2004 is chosen for the purpose. The results are compared 
with those of the popular karana text, Grahalaghavam of Ganesa 
Daivajiia and also of the modern astronomical computations. 


At the mean sunrise at Laika on May 4, 2004 we have 

True sun: 19°43’, True moon : 188°26', Rahu : 17°59’; 
True daily motion of the moon, MDM : 897’; 

True daily motion of the sun, SDM : 58'. 

Instant of opposition (parvanta ) : 49 gh. from the mean sunnise. 
At the instant of parvanta : 


True sun: 20°31’ , True moon : 200°31' = M 
Rahu : 17°58’ (approx.) = R 


gr Wier peda A: Wa Hoh 
aud pe Tat HF TMT || 
-SD, Triprasna, Pra. 8, 24. 


l z 
Sun’s diameter (Ravi bimbam) : So = 3 154 kalas. 
MDM -1 P 
Moon's diameter (Candra bimbam) : — = 3536 kalas. 
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Earth’s shadow diameter (Bhiicchaya bimbam) : 


-SD, Tripra$na, Pra. 8, 27. 


MDM SDM x78 


= 965634 kalas. 
7 145 


i.e, SDIA = 31|54 kalas, MDIA = 3536 kalas, SHDIA = 96|56}34 
kalas. 
Virahu Candra, (Moon-Rahu) = 3°31'48" < 90° 

Bhuja of Virahu Candra = 3°31'48" 


Moon’s Sara = | iy (M - n+ 2a | ! 


xX — 
16 11 


i.e. Sara = 2027" North. 


Manaikyakhan d a, MNK = stoi SHO 


= 66|16 kalas. 


Obscuration, Grasa = MNK - Sara = 45|49 kalas. 


Since Grasa > MD/A (i.e. 45|49 > 3536 ), the {Iunar eclipse is total. 


Half-durations of eclipse and of totality 


vated: wmfafarhg Ao HE Th 
PATEATTT YET HUNT: UX Herd: | 
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HAE pa: Gere Nograraayrere 
wea TTA RAY TRA ପୁଠ୍ ଏ ପ୍ଫ୩୪୩ ।। ୪୧ ।। 


‘qd dcp AifSol: Heol: Rrrgl Tr 

Mel Mfssd arranrredd: varere Agra: | 
Pad Rafe ron Ameo: 

vated: farfy reas fgargep palgchpad || 211 


-SD. Triprasdana, Pra. 8, 41-42. 


(1) Half-duration of the lunar eclipse : 
I YONKY? -(S ara)? 
_Sthityardha = ——————————— x 60 gh. 
iyardta = MDM - SDM) ~ °. 8” 
i.e. Half-duration of eclipse = 40" 30.46୫ 1*48"11* 
(ii) Half-duration of totality : 


Madandantarakhand a, MNA = Copms vo = 30/40 kalas. 


Half-duration of totality, 


| 2 ଏ 2 
Mardéardha = yu x 60 gh. 


(MDM - SDM) 
i.e Half-duration of rotality = 12"38.0565"8 0” 39” 13°.356. 
Therefore, we have the following circumstances of the lunar eclipse : 


(i) Sparsa, the beginning of the eclipse : 
498" — 48"30.46"8 = 44$"29.54"% = 17"47"48°.96 after sunrise. 
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(ii) Nimilana, the beginning of totality : 
498" — 1*"38.06"* = 478*21.94"*® = 18"56"46'.56 after sunrise. 


(iii) Madhya, the middle of the eclipse : 
49*" = 19"36” aftcr sunrise. 


(iv) Unmilana, thc ond of totality : 
492" +15"38.06"2 = 508"38.06"8 = 20"15"13°.44 after sunrise. 


(v) Moksa, the end of the eclipse : 
49*" + 4830.46" = 538"30.46“* = 21"24"11".04 


Summary of the lunar eclipse dated May 4, 2004 


The abovc timings are converted to IST for the purpose of 
comparison with the timings as per the Grahalaghavam (GL) and the 
modern computations. 


Table 8: Circumstances of Lunar Eclipse of 4/5/2004 


Modern 


Circumsta | Grahaldgha Siddhéanta - 
nces vam darpapa (Indian 
Ephemeris) 


24” 387 24" 14" 493 24" 10" 


Moksa 27" 51" 11°.04 


We observe that the timings of the lunar eclipse according to SD 
are quite close to those of the modern computation (as given in the 
Indian Ephemeris)) However, we acknowledge that the timings 
according to SD are w.r.t the mean sunrise. If the true sunrise is 
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considered there will be a uniform variation, though small, from the 
modern values in IST. 


The error of about half-an-hour in the GL values is 
understandable in view of the fact that the text was composed about five 
centurics ago and more importantly Ganesa Daivajiia simplied 
computational procedures by totally dispensing with the trigonometric 
ratios. 


9. Conclusion 


In this paper we have presented a few sample issues related to 
Samanta Chandra Sekhar’s astronomical innovation from the point of 
view of computational veracity. We have seen how the two main items 
required for computing the planetary positions, namely the epochal 
positions and the mcan rates of motion (through the bhaganas in a kalpa) 
are fairly in order. The error in the rates of the slow moving mandoccas 
(apogees) hardly contributes significantly. 


As the operational aspect of the Samanta’s procedure for 
computing lunar eclipse, wve have presented the latest total lunar eclipse 
and seen its efficacy in predicting the circumstances of the eclipse within 
a permissible difference of a couple of minutes. 


We hope to study and present, in near future, many other deeper 
aspects of the Samanta’s astronomy from the points of view of 
mathematical validity and computational efficacy. 
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1 Introduction 


The illustrious son of Orissa, Samanta Chandra Sekhar perhaps forms 
the last link of the chain of astronomers who have made significant 
contributions to the advancement of Indian astronomy. We specifi- 
cally use the adjective ‘Indian’ to indicate that this science as prac- 
tised in India, had a distinct purpose [1] and style of approach as 
compared to the west. In spite of the fact that Samanta Chandra 
Sekhar, the author of Siddhanta Darpana lived in the recent past (~ 
150 years ago), very much after the advent and spread of the western 
science, his modes of thinking, style of writing and ways of arriving 
at new results were completely traditional and typically Indian which 
are quite different from western ways. 


The use of calendars for various social, cultural and religious pur- 
poses is ubiquitous. Every civilization has felt the need for a calen- 
dar and has developed its own calendrical system. There are about 
25 different calendrical systems extant today around the globe [2]. 
The Indian calendar called Pancanga (almanac) is being published 
throughout India in almost all regions independent of each other. 
The computation of these different almanacs are based on different 
texts popular in those regions. The almanac that is used in Puri 
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Jagannath temple till today, is based on Samanta Chandra Sekhar’s 
Siddhanta Darpana . 


The aim of the present article is (i) to trace the need for the composi- 
tion of the monumental treatise Siddhanta Darpona , (ii) to portray 
Samanta’s passion for astronomy (iii) to point out the mission that 
Samanta had set for himself and the zeal with which he worked to ful- 
fill his mission and finally (iv) to look at Samanta’s accomplishments 


as a poet. 


2 Samanta’s passion for astronomy 


The inestimable love which Samanta had for doing astronomical ob- 
servations and calculations are aptly portrayed by Prof. Jogesh 
Chandra Ray, in his introduction to the first edition of the text. 
Prof. Ray’s is simply touching and infectious [3]: 


He (Samanta) was incessantly engaged with his work for 
the full period of six years, and the first copy was not 
ready before he was thirty. This constant strain upon his 
body which had never been strong, began to undermine 
his system. He contracted a disease which has been his 
constant companion. ... 


Dyspensia with its attendant colic has impaired his health. 
At times it becomes so painful that he is compelled to 
break off conversation and roll down on the ground till 
the attack is over. Full meals, frugal as they are, he has 
not enjoyed for the last thirty years, and has seldom per- 
mitted himself the indulgence of even half meals twice a 
day. The study of astronomy has been a passion with 
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him, and medicine you may prescribe for him, must nei- 
ther contain any forbideen ingredient, nor, what is more 
important, interfere with his daily work. Even in his 
present invalid state he would willingly sit up a whole 
night, if it were anything connected with his favourite 


subject. 


43 


Samanta himself expresses his passion for the subject, in his Siddhanta 
Darpana . He indicates this by the use of the word patayati which 
means forcefully drawn. It is this passion, which made him spend 
all his life time to do astronomical observations and calculations. He 


ascribes this passion to the grace of Lord Jagannatha! [4]: 


ଅଧ  AoYସ୍ା ଝର 
ଝ୍‌ସୀାସୀ ୩୦୩୮୩୪୯୪୮ ସଫ ଫ୩୩୩୮୩୩ । 
ag Narqpra-AA gr Frerafa; 

୪ ଆମ୍‌ NOT: HASTA; 


By whose desire I have been carried away far from med- 
itating upon himself, and (by whose wish) I have been 
forcefully driven to cogitate and contemplate upon the 
vast branch of mathematics, let his lotus feet, who is 
the ocean of compassion, who is endowed with innumer- 
able good qualities and who is the beloved life-partner of 


Loksmt, let his feet be the refuge to my mind. 


It is succintly clear from the first half of the above verse that Samanta 
got completely absorbed when it had anything to do with working 
iLord Jagannatha seems to be the favourite deity of Samanta and also the 


presiding deity of his home land (Orissa). Anyone who is familiar with Indian 
tradition knows that, ascribing things to divine origin is culture specific not pe- 


culiar to Samanta. 
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out mathemtical details related to astronomical problems. He also 
indicates that he had little inclination towards other spiritual and 
devotional activities?. In the later half of the verse, he prays for the 
divine grace, perhaps for clarity in thinking and successful completion 


of the work. 


3 His mission and plea 


It was mentioned that Samanta was carrying out meticulous obser- 
vations unmindful of his trailing physical health and other hardships. 
The question then arises: What made Samanta strive so hard? - the 
mission. The mission which Samanta had set for himself and the zeal 
with which he worked to achieve this mission are indeed remarkable. 


3.1 Mission 


More often than not, during the days of Samanta, the time of oc- 
curence of various astronomical events such as ending moments of 
tithis, beginning: of eclipses, etc., predicted by the calendars were 
different from the observed values. Samanta was greatly bothered 
by this. He clearly states that his efforts are oriented to correct the 
situation and hence facilitate in producing an accurate calendar [5]: 


ସୂୁଶ ଏ ନ: କି “afd: ୩୭: ora 
ସି ଅର୍‌ dd ୩g ଅଥ ଧକା । 
୨ କ୍ୀସ୍‌ଧ ସବ ଆ ଏବ ଆନ ଙମ୍ୟଆୀ 
TUTTO FARIA PH TT TT ॥ 


Whether Samanta feels apologetic about is a matter of interpretation and is 
out of our scope of discussion. But certainly he does not feel guilty about it. 
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The ancients have taken the upper and lower limits of 
increase and decrease in the duration of tithi to be 5 and 
6 nadikas respectively. Hence, in practice (vyavahrtau), 
the calendar (pancika) happens to be only approximate. 
Since, this assumption is not in agreement with the ob- 
served values, with adequate reasoning, I develop another 
pancika, which overcomes this problem and which can be 
used for kamyavidhis (rituals prescribed to achieve spe- 
cific goals). 


Another aspect which bothered Samanta was the terseness of the 
astronomical texts available during his days. Either the language, 
or the content or both wer out of the reach of a lay person, who 
otherwise had the competc:ce to understand the subject matter. 
Samanta’s intention was to fill this gap by composing a text which 
lies within the reach of an ordinary person, who had ardent desire to 
know the subject. This is evident from the closing sentence of every 
chapter which goes as: I 


The term balabodha in the context means ‘for the understanding of 
non-experts’. 


3.2 Plea to the, experts 


The concord of prediction with observation is called drksiddhi in San- 
skrit. It is only to achieve this, Samanta makes extensive revision 
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of parameters in his Siddhanta Darpana , based on his own observa- 
tions. However, towards the end of the text he makes a plea to the 
experts of the field not to simply dismiss his work as his own mental 
concoctions and worthless, without ever subjecting it to verification 


[6]: 


ନ୍ଧ SNF ଗୀ ଆ ଆ Aa ମୀ 


~@ 


ଝି ଆ ସସ ମମୀ ଆ ମ”ଙ୍‌ ୨୦୩୮ ଝଙ୍‌ । 
Fuga Re SEWARD: 
ସୟ ଅଣାଖତୀ ଝମୁଞଗୀ ସଲା ୩: ॥ 


The special features described here (in this text), which 
are not found elsewhere in other siddhantas may not be 
discarded by the experts simply considering them to be 
my own mental constructions. After all, all the well- 
acclaimed proceu:ires that have been newly introduced 
by (the stalwarts like) Lalla, Bhaskara and Satananda 
in their own compositions are with the sole purpose of 
drksiddhi (achieving results which are in agreement with 
observations). 


Semanta makes this plea primarily because, there is a general ten- 
dency among the established scholars to underestimate freshie’s work. 
Even if this were not the case, invariably there seems to be resistance 
to adopt new procedures leaving out the old ones. This is particularly 
true in the case of almanecs, because of the ignorance or dogmatic 
norion that siddhantas/vakydas are bound to be correct for eve and 
need no revision. Here Samanta inakes an earnest plea to drop such 
notions. He substantiates his argument for the adoption of a new’ 
System which satisfies the criteria of drksiddhi by citing the names 
of earlier astronomers and their practisces. 
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3.3 Need for revision 


In this context, it would be worthwhile to recall the need for the 
revision of parameters and procedures from time to time as succinctly 
pointed out by Nilakantha is his Aryabhatiya-bhasyoa . ‘He observes 


(7: 


୨ Pe aA 
ନ୍ନ । 


That a few écéryas give different revolution numbers in a 
few cases is because of the fact that the number of revo- 
lutions (made by the celestial objects in a specific period, 
say Mohayuga of 43,200,000 years) are not (exactly) inte- 
gers (savayavatuit) and also, because the decimal part is 
quite lengthy (has a large number of digits). Moreover, 
with the evolution of time, since they (fractional errors) 
get multiplied {and the discrepancies build up]. These 
inaccuracies (sthaulyam) which keep accumulating have 
to be removed by employing different pramanas such as 
pratyaksoa (observation) etc. 


4 Bird’s eyeview of Siddhanta Darpana 


The text Siddhanta Darpana primarily consists of five units consti- 
tuting 24 chapters. The names of the units and the chapters ere 
provided in Table 1. Samanta himself provides us with this data 
that the number of verses in all these chapters sum up to 2500. 
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4.1 Special feature of the text 


Among other special features of Siddhanta Darpana , a very peculiar 
one that cannot be left unnoticed, is extensive quotations that are 
drawn by Samanta from other standard works like Siddhantasiromant, 
Suryosiddhantea and Brahmasiddhanta. While summarising the text 
towards the end, Samanta provides a count of the number of verses 
‘composed by him and the number of verses quoted by him from other® 


works [8]. 


AF: HEH FE ACATTAMATET YT HTT: | 
TATA: TENTH: HIT Hoy Hag Ca: ॥ 


Here (in this text), the verses originally composed by 
me are 2284 in number; and the ones quoted from other 
works are 216; summing up to a total of 2500 verses. I 
wish that these verses Serve the noble purpose for which 
they are meant for. 


It may be noted that the numbers mentioned in the above verse 
are in Bhiitasankhya system, which has been employed through out 
the text. For those who are not familiar with the Indian tradition, 
deciphering the numbers in this system at times may prove to be 
very challenging. Nevertheless it has its own charm and convenience 
particularly while composing verses which are metre-bound. It is for 
this reason this system has been the most-preferred system by the 
astronomers. 
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4.2 Division of the text 


As already mentioned, the text Siddhanta Darpana consists of 24 
chapters. All the chapters excepting the 23rd, deal with the problems 
related to astronomy. The whole of Chapter 23, is devoted to apprise 
the reader of ‘the glory of Lord Jagannatha, who happens to be the 
author’s most favourite deity. That Jagannatha happens to be the 
authors most favourite god is not only evident form this, but also 
from the fact that he concludes every chapter by paying tributes 
to Lord Jagannatha. The title of the different chapters, which is 
obvioulsy related to the subject matter discussed are tabulated below 
(Table 1). 


Of all the topics discussed in the text, the content of chapter 16 
(prosnavarnanam) is unique and is of special significance. Here 
Samanta raises many important issues relating to the conventional 
assumptions/practices in Indian astronomy by presenting a suries of 
thought-provoking questions. The questions are of varying degrees 
of complexity beginning from the size of the earth, her shape, her 
location, the notion of gravitational force, the constancy of linear 
velocity of the planets, the dimensions of manda and sighra epicyles 
and so on. Almost all the changes which have been brought out by 
him in his Siddhanto Darpana have also been questioned. Only a 
detailed study would reveal whether all these questions have been 
answered in the later part of the text. 
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Chap. 


“Title of the chapter. 
in English 


Fla Difforent mcasurcs of timc 
HOR TFTA Revolution numbers of plancts 


TprAuam Determination of mcan plancts 
HET: Corrcctions to be applicd 


a TpENFR: (True motion) 


JTECFERTH Truce position of the plancts 
TAT F- Computation of accurate calcndar, 
Foes CC hur declination, otc. 


3 Arar: (Three dirunal problems) 


Sg aT TAH Gunomou and its shadow 


CA Ten Lunar cclipsc 
YUE Solur eclipse 

a: Graphical rcprcosentetion 
Tea: Conjunction of plancts 


HIER Conjunction of stars and plancts 
TECTIA Rising and setting of plancts 
aC: Peak of the cusps of the inoon 


Herd: Moments defined by the cquality of 
declination of the sun and the noon 


g Meer: (Spherics) | 
TATTITH List of questions | 
Hmofaf: Thc situntion of the Earth 
HN Description of the Earth | 
Heat Description different splicrces H 
NSIT Dose ription of instriunents 
TIM ITRETIH Rationale for the questions i 
| 


y Grofer: (Time) 


ia Macs: Units of time like gear crc. 

ର 
23 Sq ୍: Prnise of the Lord Jngannnthn 
MH TEAM: Corclusion 


Table 1: Topics discussed tn Siddhdinto-darpana 
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4.3 Samanta’s admiration for Bhaskara 


It we mentioned earlier that Samanta has liberally quoted verses 
fron. the two major works Suryasiddhanta and Siddhantasiromani . 
Needless to say that this is indicative of the strong influence which 
these works have had upon him. Particularly, the admiration which 
Samanta has for Bhaskara and his work Siddhantosiromani are re- 
markable. In many instances Samanta explicitly mentions that he 
follows the style of Bhaskara and has adopted the procedures laid 
down by him. For instance, at the beginning of the chapter on spher- 


ics (9]: 
aT RTT RNAATTY: | 
୩୪ ଖୁ ୩୪୮୦ ୩ ଫକ ସବ ଧକ୍‌ ॥ 


By interspersing a few quotations from (other) siddhanta 
text at appropriate places, along with my own con{posi- 
tions, I propose to describe the spherics (goa), by taking 
guidance from the works of Bhaskara, for the purpose of 
enlightening the amatuers (balabodhanGya). 


Samanta’s high regards for Bhaskaracarya is also apparent from the 
homage and tributes he pays to Bhaskara. In many places he explic- 
itly declares Bhaskara as his preceptor. For instance in the following 
verse, which appears in the beginning of goladhyaya, Samanta uses 
the word guru {10}: 
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I offer my salutations to the revered preceptor Bhaskara, 
who having studied (pramaya)3 all the siddhantas com- 
posed before his period, and recognizing that they (the 
results worked out using them) are not in confirmity with 
the observation, composed the invaluable Siddhantasiromant 
and thereby pleased the entire humanity, and the one who 
had rendered a great service by giving the exact revolu- 
tion numbers bhaganas of the planets verified by his own 
observations and appropriate for his own times. 


5 Motivation behind the composition of 
Siddhanta Darpana 


According to the Indian scriptures (i) the time forms an integral part 
of all the actions and particularly the vedic rituals, and (ii) a ritual 
performed at an inappropriate time is considered to be incomplete. 
Several reasons have been adduced through detailed discussions to 
show that such incomplete actions do not have the potential to yield 
the desired result. Thus there was a deep concern in the society for 
having an accurate calendar. 


The Indian astronomers took it as a challenge upon themselselves 
and also as a noble task entrusted to them to produce accurate cal- 
endars. In fact, this has been the primary motivation behind the 
later mathematical developments in India, which in turn led to inno- 
vative formulations in astronomy. The following quotation succinctly 
brings out the deep concern of Samanta to have a good calendrical 
system [11]: 


The term prama is used in Sanskrit to refer to the right knowledge whose 
validity has been verified by other means of knowledge. 
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ସୀ ୩6d GG ଅଫ FTE 


Fo le tg 


If the divisions of time (i.e. predictions of sunrise, sun- 
set times and that of tne ending moments of tithis etc.,) 
are not in concordance with observations, the sacrificial 
and social rituals [sreuta and smarta-dharmas which have 
time as one of the components i.e., angas] get shattered. 
Therefore [to avoid this}, I compose this work. 


A similar concern is expressed by Nilakantha in his Jyotirmimamsa 
[12]: 


Pedr ଷ ନକଖୀନି ଖା । କ୍କ ସନ ଜକ 


। ନୀ ନଧିଙକ, ସୁ ନ କାସ ଖା: । 


If the siddhantas differ, the time (of occurences predicted 
by them) differs. If the time differs the Srauta and smartakarmas 
(the sacrifices meant for the benefit of society and indi- 
vidual level) performed become incomplete, as time is 
an integral part of it. If these actions are.incomplete 
the transactions across the world will be disrupted and 
delinked. Oh Alas! We have precipitated into a calamity. 


The above passage appears as a representation rnade by a student 
to his guru (who happens to be Nilakantha himself). A very similar 
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idea is presented by Samanta at the very beginning of his Siddhanta 
Darpona [13]: 


ANIeHYgad Ia: FISHY TATHT: | 


The Vedas are primarily meant for the performance yajnas® 
Yagjnias are considered to be properly observed only when 
they are performed at appropriate times. 


6 Scientific outlook of Samanta 


Anyone having a careful look at the text Siddhanta Darpana , cannot 
afford to miss to notice the unique capacity of Samanta to explain 
even complicated things in a simple language without any loss of 
logical rigor. In other words, he never leaves things unexplained. In 
fact, the series of questions which he has listed in chapter 16 simply 
perplexes the reader. It gives a glimpse of his scientific temper and 
inquiring mind in him. In what follows, we illustrate this by giving 
a few quotations from the text. 


6.1 Formation of clouds 


While describing the nature of the cloud the great poet Kalidasa in 
his classic composition Meghadutam observes: 


“The term yojnas used here has to be understood in the proper sense. To 
translate the word loosely as a sacrificial ritual would be not only incorrect but 
also injustice. This is because even in Vedas five types of yajrias are mentioned, 
Deva-yajno, Pitr-yajrio, Bhuta-yajne, Monusya-yajric and Brohma-yajnmao. 


Digitized by srujan ka@gmail.com 


Scientific Contributions of Samanta Chandra Sekhar to Astronomy 55 


yaaa onatal fad: SH: ... 


Where is the cloud that is a combination of smoke, light, 
water and air ... 


Samanta in his Siddhanta Darpana gives & more graphic and vivid 
description. What is noteworthy is Samanta’s description is that it 
is not only appealing to a common mass but also is acceptable to 
students of science-who are generally critical in their approach [14]. 


ସ୍ମ ୩g AU: ଆୌଙ୍ୟ ଧୋ UG | 
ଓ ନବୀ ଞ୍ସୀଙ୍‌ ୪୩୩୩ ଏ ଷର ॥ 
VST UTUTOOTa: Ira Mfr Ta UA: | 
୪ କ୍ଷ: Sag ela i ॥ 
ORD: fo: ୩: ସିଷ୭ ୭୪: vad: 
ଆ ସାଧା ରି ଲି ଖ୍ସିଙ୍‌ ଝି ଜୀତା ସମସ୍‌ । 


During the spring even without the flow of air (vanaih 
vitah), which is usually generated by the waving of trees, 
the fire catches up due to (the friction of) the collision 
of the bamboo trees. This fire burns the entire forest 
and the enormous smoke that is generated due to this 
rises up to a certain height and spreads itself in the sky. 
This phenornenon (rising up of smoke) occurs because the 
smoke is lighter than the air that is surrounding the earth 
(bhauinat marutah laghutvat). 
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Because of the excessive heat in the rays of the sun, the 
waters in the ocean rise up from the heated earth get 
mixed with the smoke already present there. Thus the 
cloud gets formed due to the conglomeration of heat, air 
and smoke (along with the water). Further, like the ele- 
phant lifting things with its trunk, the sun lifts up the 
water from the ocean and places it in the could which 
are spread like a cloth in the sky. The clouds. look dark 
(asittah) because they are dense. 


It may be noted that the reasoning offered by Samianta for the rise 
of smoke up in the sky, is not different from what could be found 
in a modern science text. Here is a person without receiving formal 
training in modern science, explaining things in a purely scientific 
manner. This makes the work of Samanta all the more impressive.. 


6.7 Cause of rainfall 


The reasons spelled out by Samanta for the downpour are quite in- 
teresting. His specification of the distance of the clouds from the 
earth, and the cause for the occurence of lightning and thunderbolt 
are all the more fascinating. He states [15]: 
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Because they are heavy the water droplets being attracted 
by the earth pour down as rains. These clouds (respon- 
sible for the rain) aré situated somewhere in the range 
between a quarter-krofa and half-krofa° from the surface 
of the earth and not far away from the earth. 

By the divine force, whose friends are (assisted by) space 
and time, and as per the desire of Brahma, the entire 
humanity receives rainfall. The occurence of thunder- 
bolt and lightning which are (generally) inferred from the 
sound, are to be understood to be generated by wind (mi- 
hiraS) etc., 


6.3 Why is rain water sweet? 


Having explained the formation of clouds, and the reasons for rainfall, 
Samanta asks himself the question: If the clouds are formed of sea 
water, and it is the same water that pours down as rain; then why 
is it that the rain water is sweet and not salty? With this question 
in mind, Samanta offers the following explanation [16]: 


qa: THTANST SB sR Tl ST । 
ସୀନ ମଧ୍ୟ ମମି: Ag.. 


“ Krosa = = 1 of a yojana =~ 4 kilometre. 
° Generally” the word mihira in Sanskrit is used to refer to the sun. It is well 
known that the meaning of the words are context specific, and i in this context the 
‘word mihira is used to refer to the wind. 
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By the heat of the sun's rays the molecules of the water 
which are quite light (not heavy) move up [in the air], 
whereas those of salt which are heavy do not. Thus it is 
established, that the same water from the ocean, when it 
pours as rain is sweet. ... 


It may be noted that Samanta has based his explanation for the 
sweetness of the rainwater on the following principles: (i) water 
molecules are lighter than the molecules of salt (ii) they get evapo- 
rated due to heat leaving behind the salt molecules in the sea water, 
both of them are scientifically established facts. 


6.4 Non-uniform linear velocity of planets 


Invariably all the Indian astronomers before Samanta had adopted 
the principle of constancy of the linear velocity of planets. That is, 
they had assumed 

27 Ry Cc 


Tp 
where C is a constant, and Ry, and T; are the radius of the planetary 
orbit (usually given in yojanas ), and the sidereal time period of the 
planet. However, Samanta seems to have taken a different view point 
and this is evident to us from the following verse which appears in 
the chapter in prasnavarnanam [17]:. 
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Tern Arad: qed WIA yar | 
ସମୁ ୨ କଫ ପାର୍ଟୀ ଷ୍ ॥। 


So far we have heard that the motion of planets in yo- 
janas (linear velocity) is same for all the planets. Now 
we are hearing from you that it is unequal. Why have 
you proposed this new hypothesis? 


Here again the question arises - if Samanta received training in a com- 
pletely traditional way and had access only to the Indian astronomi- 
cal texts and not to the modern scientific literature, then what made 
him propose a new hypothesis (completely alien to the tradition) 
ignoring the age old fundamental assumption. In addition to this, 
we also find an elaborate description of n:sdern heliocentric model 
of planetary motion along with the mention of gravitational force. 
This makes us wonder if he could have been completely unaware of 
the progress in modern science. Anyway, we defer our discussion on 
this issue to the end of the article. 


6.5 Courage and conviction 


Conviction in one’s own work is indispensable for scientific pursuit. 
The following statement is illustrative of the degree of conviction 
which Samanta had in his work. Because of the perfection attained, 
he had the necessary courage to throw a challenge to the experts [18]: 
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ME Ca: TEUPTTONGT CesT Had । 


Let the scholars accept the work (or discard it) by veri- 
fying the eclipses, the revolution numbers etc. 


This reminds of the confidence and spirit generally found in great 
scientists. Having accomplished a great task Samanta takes pride in 
his. work and the above should not be mistaken for his arrogance. 
This is quite clear from the concluding remarks found in Siddhanta 
Darpana . In the last but one verse of this monumental treatise, 
Samanta submits the work to the scholarly world with a request to 
them to scrutinize the work and point out necessary corrections (if 
any) [19]: 


୯ ୩ ପ୍‌ GAT: ITA: 
FMT AGM FT Fa | 
ସସ ୩ ଆଙମ ସହମ 

ପଙ୍‌ ଶସ Nau PRA: FIR A | 


At times, if Bhima can be defeated in a war and if the 
sage can be clouded by illusion, what to speak of average 
people like me? Therefore if there be any error found 
either in the mathematical calculation or in the usage of 
tne words, let the learned ones out of compassion for me 
correct all of them. 
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7 Samanta’s exposure to modern science? 


Even today we can find scholars dwelling in cities, who have dedicated 
their life time for the preservation and propagation of traditional 
knowledge having very little or no exposure to modern science. This 
being the case, what to speak of those who have confined themselves 
to remote villages in those days. Hence, it is quite possible that 
Samanta, who lived one and ez half centuries ago, had no opportunity 
to get exposed to the developments of the modern science. 


However, whether this was the case witli Samanta, or he had an 
opportunity to learn western/modern sci&nce in a formal way is a 
matter of investigation for the historians. As far as we are con- 
cerned, one thing that is pretty obvious to us is that he was fairly 
well informed of the post-Newtonian gravitational theory and the 
heliocentric theory of planetary motion. This is quite evident from 
the following verses (201: 
SEUSS al: Yared: ଧାନ ସବ | 
He) qT: gq: HARRIE ॥ az ॥ 
ED gH 
FEI TI Pg ଏ ଗି ॥ ସହ. 
Sug | 
MIIT:, HATA ସୁ ସଂ ୩୦ ॥ 3୦ ॥ 
ଓ ୩ ୩; ଖନା ଖା ସଂ 
rR: a a କ୍ଡ: ॥ ହୁ ॥ 
ସଂ af ଓ 4A: FC ETRE 
CNTR RG ପସ ସୀ ନ ୩୮୩ ॥ କର ॥ 
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The intelligent scholars of England say that the Earth is 
spherical and negligibly small in size (ksudrah) [as com- 
pared to sun}. Like the other planets Mars etc., the Earth 
being attracted by the huge sun, located at the centre of 
the space, through its huge mass and rotation revolves 
around it in the ecliptic (krantivurtta). [29] 

It (the earth) completes its revolution by moving towards 
the east in 365.25 days. The day and night is caused by 
its own rotational motion [30]. 

Thus there are two types of motion for the earth namely, 
daily and annual. Moreover, due to revolution its posi- 
tion is continuously displaced [31]. 

People do not fall from the earth because of the force of 
attraction from the centre. They observe the sun and oth- 
ers (stars) to be moving like a man in the boat observes 
the trees to be in motion [32]. 


It is highly probable that Samanta acquired this clear picture of he« 
liocentric motion, by reading translations and/or through discussions 
and interactions with modern scholars. This issue is briefly discussed 
by Prof. J.C.Ray in his introduction to the first edition of Siddhanta 
Darpana . According to Prof. Ray, Samanta did not ‘receive any 
formal education in the modern science. At the same time, he never 
rules out his exposure to the findings of modern science through 
translation and other sources [21]: 


Chandra Sekhar had not the advantege of our modern 
schools, and has not imbibed the spirit of taking such 
things on trust .... Indeed, the translation and another 
of like nature were the only sources from which Chandra 
Sekhar learnt something of western knowledge. They may 
have so far influenced him as to modify his ideas about 
physical astronomy, vague indications of which will be 
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seen in certain passages of his work; but had hardly any 
effect upon his as regards mathematical astronomy. 


8 Samanta as a poet 


Anyone who browses through Siddhanta Darpana cannot miss to no- 
tice that Samanta has been really blessed as a poet too. Apart 
from his accomplishments as an astronomer, his accomplishments 
as a poet cannot be under-estimated. His work Siddhanta Darpana 
nearly satisfies all the criteria that are expected of a literature to 
be considered a master-piece. Some of the noteworthy features in 
Siddhanta Darpana are: (i) the definitions given are brief and pre- 
cise, (ii) there is absolute clarity in presentation (perhaps Samanta’s 
hallmark), (iii) there is a free flowing style in the verses and finally 
(iv) there is also an appropriate mixture of figures of speech and al- 
literations. In short, all that is desirable of a good literary piece in 
Sanskrit is found in Siddhanta Darpanoa . We illustrate this with a 
select few examples. 


8.1 Use of alliteration 


One of the beauties of Sanskrit language is that it lends itself to com- 
pose verses filled with alliterations. When thé reader comes across 
alliterations, without being aware of he is, he gets thrilled. It is 
everyone’s experience that alliterations, prompt the reader to read 
and reread the verses (not necessarily to derive appropriate mean- 
ings). Here we provide a couple of illustrations to show how Samanta 
has blended alliterations in a very natural way. The following verse 
appears as the opening verse in chapter 17, wherein Samanta pro- 
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vides answers to some of the questions posed by him in the previous 
chapter [22]: 


areal FaAAgINA୍‌ TaITauGT: ଅସ । 
areata Taf aca: CG: | 


Having collected a series of questions from the bunch in 
the form of noble science (astronomy) and stated them 
as though it were queries posed by a good student, now I 
will present answers to them in a condensed form so that 
it is grasped even to the amatuer by in one attempt. 


It may be noted that the letter & appears five times in the first half 
of the verse. In yet another place [23]: 


forme aru Hud Farry ! 


What is the shape of the earth; where does it stand sup- 
ported; (and) how many oceans does she possess? 


8.2 Precision and clarity 


It may happen that precision and clarity are lost in the process of at- 
tempting to be brief. Samanta has efficiently managed to sail through 
this-short-coming. We cite an example to show his capacity to be 
brief, precise and at the same time clear [24]: 
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HN: AIF 
ସୁଭ ୦ RUF: ଆ ଖରାଆ । 

Hu RSG a eT ATF HTT: 

REST HA NIA Fs TR: ଏପ 


The earth is circumscribed by the deferent circle of the 
mean sun, which in turn is circumscribed by the deferent 
circles of the planets Mercury, Venus, Mars, Jupiter and 
Saturn. The earth alweys stands at the centre of the 
space by its own strength™ without any external support 
surrounded by the orbits of the true sua and the moon 
which are far and near respectively. 


It may be noted thet in a single verse Samanta has managed to 
describe the situation of the earth graphically, by cinbbing it with 
his ‘heliocentric’ planetary model. In his model, (which is same as 
the model given by Nilakantha [25] and more than a century later 
by Tycho Brahe) all the five blanets namely Mercury, Venus, Mars, 
Jupiter and Saturn, move around the sun and the sun moves around 
the Earth. 


9 Conclusion 


As an astronomer Samanta Chandra Sekhar is held in high esteem 
(i) for giving a vivid description of planetary model, in which all the 
five. planets move around the sun and. the sun along with the family 
moves around the earth, (ii) for carrying out extensive revision in 
planetary parameters and calculational procedures based: on his own 
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observations, (iii) for fabricating simple, innovative and yet versa- 
tile instruments and carring out meticulous naked-eye observations 
with them, (iv) for representing true scientific spirit, (evident by his 
life and work) and finally (v) for his monumental treatise Siddhanta 
Darpana . In this article we have deliberately avoided discussion on 
the first three aspects as they have been discussed elsewhere [26]. 


The focus here has been primarily to provide a overall picture of 
the text Siddhanta Darpoana and highlight the last two aspects of 
Samanta. We have presented a few quotations from his work to 
prove this point. We observe that Samanta’s passion to achieve his 
mission is quite remarkable. Perhaps this has made Samanta a leg- 
endary figure and icon of Orissa in particular and Indian astronomy 
in general. 


Sadly, even today some of the innovative formulations presented by 
Samanta in his Siddhanta Dorpana are yet to be deciphered in the 
light of modern language. A detailed study of them for their accuracy 
and optimality would be quite interesting and rewarding experience. 
It would also enable us making a qualitative assessment of work. 


References: 


1. M.D.Srinivas in 500 years of Tantrasangraha : A Landmark in 


the History of Astronomy, ed. by M.S.Sriram, K.Ramasubramanian 


and M.D.Srinivas, Indian Institute of Advanced Study, Shimla, 
2002. 


2. E.M.Reingold and Nachum Dershowitz, Calendrical Calcula- 
tions, Cambridge University Press, Cambridge, 2001. 


3. Siddhanta Darpana , Introduction, Indian Depository, Calcutta, 
1899, p 23-24. 


4. ibid, Chap 15, ver 71, p 147 . 


Digitized by srujan ka@gmail.com 


Scientific Contributions of Samanta Chandra Sekhar to Astronomy 67 


ibid, Chap 6, ver 2, p 51. 
ibid. Chap 24, ver 150, p 279. 


/ryabhatiya-bhasya , Golapada, verse 48, p 128, Trivandrum 
Sanskrit Series 185, 1957. 


. Ref.3 cited above, Chap 24, ver 156, p 281. 

. ibid, Chap 16, ver 5, p 149. 

. ibid, Chap 16, ver 3, p 149. 

. ibid, Chap 1, ver 6, p 2. 

. Jyotirmimamsa , Topic 4, p 6. ed. by Prof.K.V.Sarma, VVBI, 


Hoshiarpur, 1977. 


. Ref.3 cited above, Chap 1, ver 14, p 3. 
. thid, Chap 21, ver 225-228, p 238. 
. ibid, Chap 21, ver 229-230, p 238. 
. bid, Chap 21, ver 231, p 238. 

. ibid, Chap 16, ver 41, p 153. 

. ibid, Chap 1, ver 6, p 2. 

. ibid, Chap 24, ver 157, p 281. 

. ibid, chap 16, ver 28-32, p 152. 

. hid, Introduction, p 61-62. 

. ibid, Chap 17, ver 1, p 157. 

. ibid, Chap 16, ver 43, p 153. 

. thid, Chap 17, ver 3, p 157. 


Digitized by srujan ka@gmail.com 


68 K. Ramasubramanian 


25. K.Ramasubramanian, M.).Srinivas and M.S.Sriram, Modifica- 
tion of earlier Indian ..., Current Science, 66, 1994, p 784. 


26. K.Ramasubramanian, ‘Planetary models in Indian Astronomy 
and Contributions of Samanta Chandra Sekhar’, L.Satpathy 
Ancient Indian Astronomy and Contributions of Samanta Chan- 
dra Sekhar, Narosa Publishing House, 2003. Also refer to the 
Appendices in Siddhanta Darpana , Institute of Orissan Cul- 
ture. 


Digitized by srujan ka@gmail.com 


DESCRIPTION OF ECLIPSES AS IN SIDDHANTA DARPANA 


P.C. Naik 
Department of Physics, D. D. College, Keonjhar — 758001, Orissa, India. 


Abstract 


Solar and lunar eclipses are matters of prime concern for all 
siddhantic work which mainly deal with positional astronomy. Samanta 
Chandra Sekhar devotes full three chapters of Siddhanta Darpana in 
about 280 slokas, for description of eclipses. Instructions are laid down 
for calculation of exact time of conjunction, on-set of eclipse, their 
magnitude and duration. As related aspects, the spherical diameter, 
distance and angular diameters of sun and moon are specified in the text. 
The author prescribes also corrections like lambana and nati (parallax) 
and valanas (drifts) elaborately. All these aspects with mathematical 
proof, numerical computation and comparative analysis with modern 
methods and data are being presented in this paper. 


Introduction 


Siddhanta Darpana, a treatise on astronomy by Samanta Chandra 
Sekhar (1835- 1904) was completed in 1869. Defining a Siddhanta SCS 
writes in sloka 17 of its Chapter — [, “The work that deals with time 
beginning with the smallest unit of truti to pralaya along with motions of 
celestial bodies, their orbits, alignments, eclipses; with relevant 
mathematics like arithmetic, algebra, geometry and trigonometry; gives 
description of necessary instruments and also concerns with the question 
of origin of creation is called a Siddhanta.” In sloka 8 of this chapter the 
author declares “occurrence of eclipse is the acid test of astronomical 
works. If the discrepancy between prediction and observation is not 
large, the work is accepted valid. Large discrepancy decrees a work 
obsolete. This is the dictum of our illustrious ancestors.” 


In view of such realization, all important astronomical works 
deal with description of eclipses (Aryabhatiya — Ch.3, Surya Siddhanta 
Ch.4,5,6, Siddhanta Siromani, Arka Somayaji — Pag. 346-447) Samanta 
Chandra Sekhar devotes Ch.8 in 87 slokas tor description of lunar 
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eclipse, Ch.9 in 78 slokas for solar eclipse and Ch. 10 in 110 slokas for 
projection of eclipses. We will examine in this paper a few important 
aspect aspects of these elaborate descriptions. 


Some of the time units used in this traditional work are Ghati, 
Vighati, Pala and Asu. Hence presentation of a summary of time units is 
in order here. They are described in Chapter 1 of the text. 


Summary: 
1 sidereal day = 60 dandas, ghati or nadi 
1] danda = 60 pala, Vinadi of Vighati 


] pala = 6 prana or asu (respiration) 


Taking 1 sidereal day = 24 hours, 

1 danda = 24° 

1 pala = 24” 

I asu = 4” 

Earth rotates 360 X 60 = 21600’ of arc in 21600 asus. 


= 1’ of Earth's rotation =1 asu 


Lunar Eclipse 


Atlthough the Hindu Puranas serve the legends of Rahu and Ketu, 
to be associated with the occurrence of eclipses the Hindu astronomers 
had long since realized the correct physical cause. Verse 9 of the Chapter 
4 of Surya Siddhanta reads, 


“The moon is the eclipser of sun, coming to stand underneath it, 
like a cloud; the moon moving eastward enters the earth’s shadow, and 
the latter becomes its eclipser.” 


Aryabhata says, 


“The moon is water, the sun is fire, the Earh is earth; and what is 
called shadow is darkness. The moon eclipses the sun; the great shadow 
of Earth eclipses the moon.” 


-Aryabhatiya, Ch.4, Verse 37. 
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1. Ecliptic limit 


Such notions are deep rooted in the Hindu tradition. SCS has 
accepted it and clearly writes in the text. However, starting with verse 2 
of Ch.8, the author lays down various conditions of the occurrence of 
eclipses. Some of them are called ecliptic limit in modern literature. We 
cite in the following, SCS’s conditions and also the modern data for sake 
of comparison. 


Table - 1: Condition of occurrence of eclipses 


Parameter Condition Modern 
on value conditio 


Penumbra! lunar | Separation <13° <15.69° 
eclipse between moon 
and its node 


Partial solar | Latitude <1° 30* <1° 
eclipse separation of 36°46” 
sun and moon 


Total Sun moon | <34" <32'14” 
eclipse longitude 

difference 
Total lunar | Separation <7? <6° .17 
eclipse between moon 

and its node 


It is to be noted that Bhaskaracharya in Siddhanta Siromani, 
under a separate chapter called Parva Sambhabadhikara gives tive slokas 
in which he fixes limits of 14° and 7° of moon and sun respectively trom 
the nodes for possibility of eclipse. 
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Suryasiddhanta specifies the separation of half sign (15° only) 
for separation of sun and moon from their nodes. 


2. Dimensions and distances 


The diameters of Earth, moon and sun and the distances of the 
later two matter a lot in all eclipse calculations. We quote in the 
following SCS’s estimate of such astronomical quantities. Side by side 
we mention also the values from other ancient works along with the 
modern data for comparison. The distances and linear diameters are 
given in traditional unit of yojana; which is nearly 5 miles or 8 
kilometers. 


Table —- 2: Dimension and distances 


Modern 
a Value in 
Darpana | yojana 


Siddhant 
a 
Siromani 


4410 6500 6522 72000 17400 
315 480 480 435 
diameter 
of moon 
Spherica 1581 1600 1594.5 
l 
diamcter 
of Earth 


32159 | 32]24 32131 32132 31159 
31130 | 32100 32100 32100 31105 
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Siddhant 


Source 


Quantity 


Spherica 
l 

diameter 
of sun 


Spherica 
| 


Angular 
diamcter 
of sun in 
kala etc 


Angular 
diameter 
of moon 


Note: 
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Distance | 45958 689290 689377 7608294 1869973 
of sun 5 3 

39377 | 51559 51566 48705 48050 
of moon 


All the authors are right in measuring quantities with earth 
and moon. 


But in case of sun, both in distance and diamei~r they differ 
by magnitude. 


SCS’s estimate of solar parameter are almost half the 
modern value. 


= 13.36(all),= 156.2 1(SD),= 389.1(ModernValue) 


Sun’s diameter was taken from Atharva Veda. But the solar 
distance was actually measured. 


SCS’s rule: sun’s O (Angular diameter ) in minutes 
= Ds 
2213 
Dmx×6 
B (moon) = 
85 


Such formulae are arrived by conversion of radian to minute. 
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3. Shadow length and diameter 


Moon's orbit 


Sloka -25 reads: 


Multiply the earth's diameter with the rectified true distance of 
the sun. and divide it by the difference of sun and earth diameters. Result 
is the length of the needle shaped shadow of the earth. 


De x ds 

Ds - De 
b) Similarly the shadow diameter at the moon's orbit : D’ (shadow) 
(Ds - De)dm 


a) ie. L= 


=DE - 
ds 
c) Angular diameter of shadow. 
D' 10800 
—— x in minutes of arc. 
di: n 


SCS’s special formula : 
Om _ as × 78 
7 145 


These are easy to establish geometrically. 


D’® (in kala) = 


4. There is detailed prescription to reach the moon’s 
latitude 
In the traditional literature the latitude is termed sara or vikshepa 
and is defined as the angular arc distance of the object from the ecliptic. 
As we would see, it is an important parameter in the computation of 
magnitude and duration of eclipse. 
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5. Inclination of moon’s orbit to the ecliptic 


The inclination of moon’s orbit to the ecliptic has been 
calculated by SCS to be 5° 8’ 53”. Let us compare it with the other 
sources and the modern value. It has direct bearing with the occurrence 
of eclipse. 


Table - 3: Inclination of moon’s orbit to ecliptic 


Aryabhatiya | Surya Siddhanta | Ptolemy | Siddhanta | Modern 
Siddhanta | Siromani Darpana Value 


ଓ 


6. On magnitude of eclipse 
n ‘ 
Moon's orbit 
B B>(r1+r2) 
Ecliptic 
1 
Fig - 2 
The situation has been depicted in Fig -2. The echpse occurs 


when BB < (rj+r,). 


The grasa (obscurance) is given by p = (ri +72) — B 


Magnitude is given by M = {For the lunar eclipse) and is 


expressed in percentage. 
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Here r1 and r2 are radii of obscurer and obscurant respectively 
and Bf , the latitude of obscurant. 


7. Duration of the Eclipse 


(71-2)? - B? . 
Sr ——— x 60 = Half duration of the eclipse in 


(im ice ol) 


or 
y(r-r2) ~ BY × 60 = Half duration of totality. 


(Om hi ois) 


1 oe 
nadi etc. 
2 = 


71 = radius of the target 

72 = radius of the obscurcer 

Om —> Moon's daily rate of motion 
ou — Sun's daily rate of motion 

B — Latitude at mid-phase. 


Geometrical proof by Arka Somayaji: 


Ss £! Oo: ra b 


nn 


Fig — 3 Fig - 4 
The proof is straight forward. With reference to Fig -3, 
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SO = J(ri-r2)* — B? . Half duration is the time taken by the 
moon in relative motion with respect to the Earth’s shadow. i.e. time 
taken to cross the distance SO. 


These are no doubt approximate formulae to give the durations 
within minutes. In the modern literature Newton — Raphson method of 
solution of Kepler's equations is used to get precise results by several 
iterations. 

The result is also derivable by integration of 

dB cos . 
pcos) = dt 


V1 - A? sin? B 
This is obtainable from the basic formula, 


sin P = sine sin . The above expression for half duration can be 


arrived with suitable approximation. Further the basic equation can be 
easily established with reference to the sphericat triangle marked in Fig — 
4. 


8. Aksha and Ayanavalana 
Introducing the concept Samanta says in sloka — 55, Ch.8, 


“Now will be presented the two valanas arising out of ayana and 
pala, in kala measure. The knowledge of these two will give the direction 
of contact and release of eclipse in the hemisphere of sky. Both E. 
Burgess and Arkaomayaji interpret the valanas as north south 
deflections. 


Ayana valana is the NS drift due to inclination of the orbit to the 
equator. Aksha valana is the deflection due to local latitude of the place. 


Let us look at the valana formulae by various authors. 


Table — 4: Valana Formulae 


Author | Ayana valana Akshya valana 
/ Work 
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(7 + 90)R sin 24° H x Rsin 
RVers — —— | RVers beri 


Paulisa H¢ 

Siddha 90 

nta 

Surya fons RsinH × Rsin¢ 
Siddha 

nta 


Siddha feos s vf ene | 90h „ Fane | 
SIN | ————————— R (# in 

nta R cos na D2” 250¢ 

Siroma 


ni 


Bhasva 
ti 


Siddha 
nta 
Darpan 


a 


Bhaskaracharya scems to have given rather sophisticated 
formulae to these drifts; and offered elaborate explanations and 
deductions. But SCS, well aware of all these dissertations accepts for 
valanas rather simpler formulae as given in table 4. 
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Reasoning leading to SCS's formulae are straight forward. 23.5 ° 
=1410 kala, 90° =5400 kala. NS is the kotikala. If there is 1410 kala 
deflection in 5400 kala, what is the deflection in NS? Similarly for 
akshavalana 


sind = sinA ×sin@ 


6 cosAsinw 
=| = 
dh 


Bhaskar’s formula. 
cCosd 


This is the instantaneous tangent of 8 as a function of A and 
hence gives the direction to with respect to the reference circle. 


9. On parallax of Sun and Moon 


Parallax is an important parameter in calculation of eclipses. 
Geometry of the situation is depicted in the Fig - 6. It is the angular 
difference in location of a celestial body observed at the center of earth O 
and any point p on the surface. Here p is the angle of parallax and z is the 
angle subtended by the object at p with its zenithal axis. Obviously, 


sinp sinz : sins 
= —— > sinp = ——.a 
d d 


a 
for p small, sinp > p 


sinz 
p= 
d 
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Fig - 6 
hi 
d 
In sloka 10 of Ch. 9, the author gives, 


Horizontal parallax P= pom = 


sun's rate of motion 


Sun's maximum parallax = = 


moon's rate of motion 


Moon's maximum parallax = =F 


However, the ancient authors have taken both in case of sun and 


rate of motion 
15 


We cite the data, and the consequent results in the following 


the parallax = 
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Table —- 5: Parallax of sun and moon 


Paramcter/ | Radius | Distance Moon's 


of of sun in distanc { in motion 
Result | Earth yojanas e in i 

in ‘ds’ yojanas 

yojana ‘dm’ 

$ ‘a’ 


Suryasiddhant 
a 


800 689290 
689377 94 


Siddhanta 
siromani 


Siddhanta 
Darpana 


800 7608294 | 0.361 | 48705 56.47 | 0.359 


56.42 


Modern Value | 797.25 | 18699733 | 0.1465 | 48050 ୭ | । 


It may be noticed that the parallax of the sun determined by SCS 
is of the order of the modern value whereas the ancient authors differ by 
a magnitude. To arrive at the correct parallax, the formulae should have 


been 8 and oe In both the cases the author has given amazingly 


410 13.8 
advanced thoughts. 


3. 
3. 
52.7 
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Let us check some numerical data 


In sloka 76 of Ch.9 on the solar eclipse, the author gives the 
following numerical data. 


Maximum duration of lunar 


eclipse 


Maximum duration of total lunar 
eclipse 


Maximum duration of solar 
eclipse 
Maximum duration of annular 
eclipse 


Maximum duration of totality 


Rectified maximum parallax 


590 palas = 3 hr 56° 


273 palas = 1 hr 49°2” 


632 palas = 4 hr 12°48” 


48 palas = 19°19” 


23 palas = 9°12” 


3/2 vighati 


According to the modem estimate, the maximum duration of 
total solar eclipse is 7°40” and that of the total lunar eclipse is 1 hour 45 
minutes. So SCS’s estimates are almost exact. 


Now let us go for a thorough check of results to be arrived. 


The rectified shadow diameter: 
Sun's diameter ×0.9 = 64800 


Deduct earth's diameter = 64800-1600 = 63200 


Multiply the moon’s distance 48705 > 63200×48705 = 
307815600 


Divide by mean solar distance 7608294 = 30781 5600-7608294 
= 404.57 yojanas 


Deduct from earth's diameter = 1600-404.57 = 1195.43 yojanas 


Multiply 3438 and divide by moon's distance = 84.38’ (Shadow 
diameter) 


Moon's maximum angular diameter = 33.5’ 
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Add it to shadow diameter > 117.88’ 


t (duration of eclipse) at the mean relative rate of motion of 


moor — 
117.88' . : 
1 = 9.67 nadis = 580.53 palas against 590 palas  ...( i) 
And for totality, 84.38°-28.82° (minimum diameter of moon) = 
55.56” 
.'.the duration in mean relative speed = 2200 G00 palas = 273.61 


731 
palas against 273 given. ...( ii ) 


For solar eclipse 


Parallax has to be added to the angular diameter. As per the 
modern literature, the maximum parallax of moon is 61°27” and that of 
sun is 0.9”. The maximum angular distance of sun and moon are 32°36” 
and 33.5’ respectively. Therefore (p+dj+d,) = 127°.37 and the time taken 
by moon with the mean speed of 731°’ per day takes 10.45 nadis = 727 
palas against 632 cited. 


Similarly, the figure calculated for totality turns out to be 22.46 
palas against 23 palas of SCS; and for annularity, the figure is 48.35 
against 48 palas. 


The figures given by the author for growth and decay of tithi, 
nakshyatra and yoga are interesting and the calculations reproduce 
SCS’s results. 


Conclusion 


In this paper, we have presented a few important aspects of 
eclipses as described by SCS, with stress on his original contributions. It 
will be observed that in a number of instances, the author has gone ahead 
of all the traditional Indian astronomers and arrived at results which 
closely agree with modern data. 
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CRITIQUE OF SAMANTA'S PLANETARY MODEL 


L. Satpathy 
Institute of Physics, Bhubaneswar-751005, India 


Introduction 


The major contribution of 
Samanta Chandra Sekhar [1835 - 1904 
AD] to Astronomy is his planetary 
model [Fig.1] of the solar system. It is 
a geocentric model in which the Earth 
is supposed to be stationary and the 
Sun, Moon and other planets move 
around it, The novel feature is that the 
planets Mercury, Venus, Mars, Jupiter 
and Saturn go around the Sun, and the 
Sun together with these companions 
move around the Earth. Thus it is 
partly heliocentric. It is different from Fig. 1: Samanta's Planctary 
those of his predecessors in India. This Mode! 
model is the very foundation stone of his entire edifice of astronomical 
work, which he used for all his calculations and predictions. This is in 
sharp contrast to the modern and all-time-accepted-model, which is fully 
heliocentric with the Sun at the centre and the Earth and other planets 
revolving around it. Needless to say that this model originally proposed 
by Copernicus [1473 - 1543 AD] in a rudimentary torm, was 
subsequently improved to its perfection by Kepler [1571 - 1603 AD], 
Galileo [1564 -1642 AD] and Newton [1642 - 1727 AD], has been 
universally accepted being supported by innumerable modern scientific 
experimentation with satellites, space telescope etc. The question then 
arises : Is Samanta's Planetary model wrong ? This important question 
has raised its head in the minds of his friends, admirers and public at 
large, since the days of Samanta. The inestimable love and respect with 
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which this illustrious son of Orissa is held by its people and many others 
elsewhere in the country, makes the matter more poignant lending it an 
emotional aura. What is the real truth ? The aim of this article is to 
provide an answer to this question. 


In this context, the following three points deserve our serious 
consideration. 


1. Samanta Chandra Sckhar was obsessed with the above question 
throughout his life. He was aware of the fact that his model was 
diametrically opposite to the western heliocentric model. The latter 
model is not the creation of a single person, but the well accepted 
view of the whole western world then. In this context, the political 
and social milieu of Samanta's time must be considered. India was 
then a part of the British empire which covered so much of the world 
that the sun did not set in its territory. Being the harbinger of the 
scientific revolution in the sixteenth/seventeenth century, England 
was the leader of the subsequent growth in science in the following 
centuries. Yet Samanta challenged the heliocentric model and 
unwaveringly stuck to his model proclaiming its infallibility. In 
Siddhanta Darpana (SD) he has declared that he has not written 
anything in it which he has not observed i.e. ‘Driksidha’. It implies 
that his model is the result of direct observation, not based on any 
postulate or hypothesis. He has devoted a full chapter i.e. the 17th 
chapter in SD, comprising 161 slokas to prove that his arguments in 
support of his model are irrefutable. In the last sloka of SD, he has 
predicted that this book will act as a lion who will succeed in 
trampling and fully demolishing the tuskers i.e. the English pundits 
who professed the earth to be moving in the cosmos although in 
reality it is static. 


2. It is amazing to note that in the 16th century Tycho Brahe [1546 - 
1601 Adj in Europe had proposed exactly the same model as that of 
SCS. Recently, it has come to light that Nilakantha [1444 - 1545 
AD] of Keral School of Astronomy had also proposed the same 
model in 1500 AD about 50 years before Tycho Brahe. Thus three 
astronomers have arrived at the same model independently, living in 
widely separated parts of the world at different periods of time 
spanning around 400 years. 
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3. Samanta made all his predictions based on his planetary model. It is 
indeed interesting to note that his predictions are astonishingly close 
to the actual observations. 


Without any reservation one can say that the three astronomers 
Nilakantha,. Tycho and Samanta have been led into the same planetary 
model by their own observations of the positions and motion of the 
planets rather than by speculation. Samanta has emphatically recorded it 
in SD as pointed before. The most important predictions in Astronomy 
are those about the occurrences of the solar and lunar eclipses. In this 
respect, Samanta's predictions were far better than those of his 
predecessors and accurate enough to warrant confidence in his model. 


No Object is Static in the Universe 


On the face of the above overwhelming supports, one is forced to 
conclude that the planetary model of Samanta must be correct. Now the 
question arises, if Samanta's model is really true, then what about the 
modern heliocentric model, which has been universally accepted. In the 
remaining part of this article we witl address this issue. 


Every object in the universe is in perpetual motion. No object is 
at rest. Starting from the atoms and molecules and their constituents 
electrons, protons and neutrons upto gigantic astronomical objects like 
planets, stars and galaxies are in fact constantly moving. A piece of stone 
lying on the surface of the Earth is normally considered to be at rest. In 
reality it has several kinds of motion which it executes simultaneously. 
At microscopic level, the electrons, protons and neutrons which 
constitute the atoms and molecules of a piece of stone move with speed 
close to the speed of light. As a bulk, it undergoes all the motion which 
the Earth perpetually executes. It must be noted that the earth has five 
kinds of motion operative simultaneously. Due to the rotational motion 
around its axis, a point on the equator moves at 1040 miles/hour. The 
Earth revolves around the Sun at an average speed of 18.5 miles/sec. The 
Earth also undergoes processional motion like a rotating top. It takes 
25800 years to complete a cycle. The Sun is not stationary. Together 
with its planets it moves towards the constellation Hercules at a speed of 
12 miles/sec. Our Sun is a star in the galaxy Milky Way. This galaxy 
rotates at a speed of 155 miles/sec. Moving at this speed, the solar system 
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completes one revolution around the centre of the galaxy at about 200 
million years. Finally the solar system moves with the Milky Way as the 
entire galaxy travels through the universe. This general scenario must be 
kept in mind while ascertaining the truth of any planetary model. 


Samant's Model is not wrong 


Thus, both the Sun and Smee 
the Earth are in constant motion. £ 
However, the concept that a body gust ଖୋ 


is static has sense only when we PO 

refer its state with respect to Ln 
another body, i.e. it has to be only 
relative. Consider two objects A 
and B moving with velocity 5 
miles/sec and 10 miles/sec 
respectively in the same direction East to West [Fig.2]. An observer 
sitting on A will see A as static and B moving towards West with 
velocity 5 miles/sec. However an observer sitting on B will see it to be 
static and A moving with 5 miles/sec towards East. Both the observers 
can quarrel insisting each is right. If we ask which observer is correct, 
the answer obviously is both are correct. Samanta sitting on Earth made 
all the observations with respect to the Earth and saw the Earth to be 
stationary and the Sun going around it. In the heliocentric model one 
makes all observations with respect to the Sun and sees the Sun as static 
and the Earth going around it. Our observations are dependent upon the 
position with respect to which we make the observation. In the language 
of Physics, it is dependent on the frame of reference or co-ordinate 
system. Thus both the Samanta's Planetary model and the heliocentric 
models are correct. Why then in the popular mind there is an impression 
that Samanta's model is incorrect ? It is not only an impression, but even 
taken as a fact. What then is the mystery? What is the truth of the matter 
? In the following, we feel the mystery is convincingly resolved. 


— 


Fig. 2: concept of statics and 
relative motion 
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Consider a merry-go-round 
[Fig.3] with the children sitting on 
the chairs hanging from its circular 
rim. During the play the children 
move in a circular path around the 
axis fixed on the ground at the 
centre. Let us take the velocity to be 
uniform. An observer named A, 
standing at the centre during the 
play will observe the children 
moving in a perfect circle. He will 
have a clear view of every child 
also. Consider another observer 
named B, standing at a distance 
from the merry-go-round observing 
the same. He will not see the 
children moving on a perfect circle. 
He will rather see the path to be an 
ellipse. Let B moves further away 
and observe the play. He will find 
the path becoming more and more 
elliptical, and finally becoming a 
straight line as he moves sufficiently away from the merry-go-round. At 
every position the observation made by B is undoubtedly correct, 
although they do not agree with A. The observation reported by both A 
and B are correct and represent unalloyed truth. The crux of the matter is 
: A being at the centre of the merry-go-round is in a convenient position 
to observe the details of the path on all sides, while B stationed at a 
distance from the centre could observe partly due to his inconvenient 
position. Like A, he will not be able to see all the children and their 
respective positions in the circular path at the same time, but since the 
velocity is uniform he will be able to predict which child will reach 
which spot in this circular path at a given future moment which will 
exactly agree with the prediction of A. All that is necessary to predict the 
occurrence of lunar eclipse is to predict the time when moon enters the 
shadow of the Earth cast by the Sun. Same is true for the prediction of 
solar eclipse where Earth enters the shadow of the Moon. That is how 


Fig. 3: Goodness of Samanta’s 
Planetary Model. 
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Samanta Chandra Sekhar could predict solar and lunar eclipses with his 
geocentric model, in close agreement with the calculation of modern 
heliocentric model. In the language of Physics, he used only an 
inconvenient co-ordinate system with Earth as the origin while modern 
helio centric model uses Sun as the origin, a more convenient co-ordinate 
system. Therefore, according to Physics, it can be safely said that the 
planetary model of Samanta is correct. 


The goodness of Samanta's planetary model can be further 
ascertained quantitatively following the theoretical method based on 
Lagrangian dynamics described in the following section. 


Samanta's Model From Lagrangian Dynamics 


To find out the true 
orbits of the planets one has to 
follow the standard method of 
theoretical physics which is the 
Newtonian mechanics in 
describing the motion of a ten - 
body system consisting of Sun 
and its nine planets interacting 
through gravitational force. The 
equations of motion have to be Fig. 4: Samanta’s co-ordinate system. 
derived starting from Earth E is the origin, see text. 

Lagrange's Equation. This 

problem has 30 degrees of freedom intricately involved in as many 
coupled differential equations. It is undoubtedly formidable. Here we 
intend to solve this problem to arrive at Samanta's planetary model as the 
end product. Hence this has to be solved using the specific condition 
used by him. As stated earlier his model has originated from his 
observations taken from the earth. So we have to take Earth as the origin 
of our co-ordinate system and consider the Sun and the Moon as planets. 
Further the three planets Uranus, Neptune and Pluto which are not visible 
to the naked eye will not be considered as they have not been taken into 
account by Samanta. Thus we will have a seven-body problem involving 
Sun, Moon, Mercury, Venus, Mars, Jupiter and Saturn. Since, in reality, 
all the planets in our solar system move almost in one plane, it will be a 
good approximation to assume azimuthal symmetry, i.e. we will not 
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consider this degree of freedom. The relevant co-ordinate system is 
shown in Fig.4 where the symbols S, M, V, Ms, J, St, Mn, E denote the 
Sun, Mercury, Venus, Mars, Jupiter, Saturn, Moon and Earth with the 
masses mij, Mo, M3, My, Ms, Me, ms and mg respectively. The co-ordinates 
with respect to the Earth as origin are r;, I2, F3, F4, Is, Fe, and r; with polar 
angles 0, 0,, 05, 04, 05, Oc, and 0; measured with respect to the axis OZ. 


The Lagrangian of this system is 


L=T-V-Tm 
(1D) 


where, the kinetic energy 
7 Pp 
T= Emi +702) (2) 


the potential energy 


7 mm; 

Ves Ge FG (3) 
i=l rj wr 

and the center of mass energy 
।! ti m,P, 

Tin = (5 mn, | (4) 
2 i=l Liam; 


Putting (2), (3) and (4) in Eq. (1) one obtains the Lagrangian 
which has to be used in the Lagrange’s Equation 
d aL _ ol 


— = —_— = () (5) 
dr 6q, q; 


to obtain the equation of motion for the 7 radial co-ordinates rj, I, ... 17 
and the seven angular co-ordinates @j, 6), .... 07. Before taking the 
derivatives one has to express r; in Eq(3) in terms of rj, r;, 0, and 6; by 
using the relation 

np = r +r — 2r;r,Cos(0, -—0,) 


In Eq(4), the velocity /, has two terms 
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FV, = 6,1; + 678, 


¬ 32 
; LNA : 
In the evaluation of {==—— + , there will be many cross terms 


Mm; 


which will be very ditficult to handle. It may be a good approximations 
for our purpose to drop them and take only the direct terms. Thus there 
will be altogether 14 coupled differential equations which have to be 
solved numerically following the standard Runga-Kutta method. 


To solve the above 14 equations one must use initial values 
r.7,0,8 for all the co-ordinates which are readily available from the 
tables of astronomical data. 


The results of this calculation rj as function of 6; plots, will show 
that the Sun and the Moon revolve around the Earth,. and Mercury, 
“Venus, Mars, Jupiter and Saturn go around the Sun justifying the 
goodness of Samanta's Planetary model. It is proposed to carry out this 
calculation in near future. 


Conclusions 


It is hoped that the long standing puzzle on the goodness of the 
Samanta's planetary model is herewith satisfactorily resolved. Using the 
principle of physics we have attempted to explain at pedestrian level the 
literal truth of this model and shown that this model is correct. One 
should have no misgiving in this regard. Kepler arrived at his three laws 
of planetary motion analysing the astronomical data collected by Tycho 
Brahe. It appears somewhat contradictory to the present heliocentric 
model because he used Earth as the origin of his co-ordinate systems. We 
have also outlined a theoretical method based on Lagrangian dynamics to 
show quantitatively at a fundamental level, the correctness of this model. 
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THE SOLAR SYSTEM MODEL OF SAMANTA CHANDRA 
SEKHAR — A POSTSCRIPT 


P.K. Mishra* 
231/A, Jayadurga Nagar, Bhubaneswar-751006, India 


Samanta Chandra Sekhar grew up in a highly conservative 
intellectual environment. His early contact with the modern astronomical 
ideas was through textbooks of primary school level. With his deep 
knowledge of classical astronomy, he found these unacceptable and tried 
to counter each of the arguments. In the process, he developed a novel 
approach to the Solar System model that was basically Geocentric, but 
all other planets go round the Mean Sun in elliptic orbits. The Sun itself 
moves around the Earth in an elliptic path. This principle is very similar 
to the modern practices in positional astronomy. 


In the seminar on the scientific contributions of Samanta 
Chandra Sekhar, Prof. L. Satpathy presented a paper on Samanta’s 
concept of the solar system and expressed the view that his concept 
cannot be held as wrong, and that he chose an inconyenient moving co- 
ordinate system. Prof. T.Pradhan raised the issue as to what led Samanta 
to his conclusion. He pointed out that Tycho Brahe was led to a similar 
conclusion because he could not detect any annual parallax of the fixed 
stars, as would happen if the Earth changed its position during its 
revolution around the Sun. What was it then that led Samanta Chandra 
Sekhar to the view that all the planets go round the Sun, while the Sun, 
along with the planets, circles the fixed earth. After some discussion it 
was agreed that this problem has to be viewed in the perspective of the 
social and cultural environment of rural Orissa in the later half of 
nineteenth century. 


In the times in question, the cultural environment in rural Orissa 
was not very different from elsewhere in India, excepting around the 
metropolitan cities where there was some exposure to modern education, 
Orissa was one of last of the states to come under British rule, and then 
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too as a minor component of the Bengal presidency. There was even a 
movement to declare Oriya as a dialect of the Bengali language. The 
extent of modern education was confined to the elementary level. A 
rather limited exposure to higher levels was available in only one college 
teaching upto intermediate standard. Most of the state consisted of the so 
called Gadjats, which were comparatively less developed, where higher 
education meant nothing more than a mastery of the classics. 


Samanta Chandra Sekhar was bom to a deeply religious and 
conservative family in the Gadjat areas. His education consisted of 
classical literature, religious texts and traditional astronomy. In the latter 
field he studied the various siddhantas and mastered their calculations. 
He also constructed instruments using which he made measurements of 
the planetary positions and verified them with the calculations. He found 
unacceptable discrepancies and tried to eliminate them by the classical 
technique of adjusting the astronomicai constants (Bhaganas), and where 
this was not possible, by introducing corrections (as in the case of the 
moon). Early in his formative years he was confronted with the modern 
views of the solar system from elementary Oriya textbooks on 
geography. These were, in those days, translations from Bengali. Any 
discussions would have been confined to school teachers whose 
knowledge on the subject would have been confined to these books. So 
while forming his worldview he stuck to the basic concept of 
Geocentrism in conformity with the classical masters like Bvridha 
Aryabhatta, Brahmagupta and Bhaskar II. It is much later that he came 
in contact with Prof. Jogesh Chandra Ray and may have had detailed 
discussions with him, but by that time the Siddhanta Darpana was 
already complete and hence did not see any reason to change his views. 
lt is worth noting that, while Brahmagupta had the task of countering 
only Aryabhatta’s hypothesis of a rotating Earth; Samanta had to counter 
all the three motions of the Earth proposed in the modern view of the 
Solar system. These include the daily rotation, the annual revolution 
around the Sun and the precessional motion of the Earth’s axis of 
rotation. The latter two are said to be caused and controlled by the law 
of gravitation. So his discussions and arguments for the reestablishment 
of Geocentrism are more elaborate and wide ranging than any found in 
the Siddhantic literature. In fact his is the first discourse on the subject 
after Brahmagupta’s Khandakhadyaka in about a thousand years time. 
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He writes 
ଖୀଧଷୁରଞ୍ଷଷ ଆ ଖନି ପ:, ସୀ ସ୪ଅଙପୀ ଅଧ : 
Aarsamaftsauftsd YU HPV HM JU TT: || 


If you subscribe to the fine hypothesis of a fixed Sun and mobile 
Earth then you are contradicting yourself. Please keep quiet and listen to 
me. Sh 39. 


Samanta Chandra Sekhar appears to be under some 
misconceptions about modern celestial mechanics and these run as a 
thread though his arguments. These must have been acquired early in the 
isolated intellectual environment of his native place. These are 


1. Gravitation is the sole cause of planetary motion, including rotations. 
Sh48. 


2. In his opinion the revolution of planets should be synchronous with 
the rotation of the sun. He writes 


qa RM, ued uo YI a 
Halqad: he Paria, Te: mH Gua Toad 
There is no action without cause. It stands to reason that the 


revolutions of planets should be in proportion to the Sun's rotation. Sh 
121. 


3. The Shara of planets is produced by specified attracting masses. 
Sh95. His first argument is 


ସର ଫଣ ୪୦ ଖର Aa : 
ua tafaraew fh GC ଖ ର୍ଥ || 


Everybody observes the Earth as stationary and the Sun as 
moving. What does one gain by reversing their roles? Sh40 


Firstly, he finds it difficult to imagine how the Earth can have 
two motions, viz. rotational and translational, at the same time. He has 
discussed the following three models and found all of them unacceptable. 
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a) A sphere rolling on a plane 
The daily translational motion of the Earth should be equal to its 
circumference, but infact, it is much more. Further the 
translation and the rotation would be in the same plane. Whereas 
the Earth’s rotation is in the plane of the equator while its 
translation is the plane of the ecliptic. Sh 55,56. 


b) A ball tied to a string is being whirled around a central body 
This would explain revolution around the Sun but would not 
produce rotation of the ball. In case of the earth this would mean 
perpetual day on one side and perpetual night on the other. This 
is contrary to observations. Sh 52, $3. 


c) Sideways motion like a crab to explain simultaneous rotation and 
translation in different planes 
But the motion of a crab is natural while the motions of the Earth 
are due to forces. Hence the simile does not hold. Sh 59. 


For Samanta the Earth was not merely a chunk of matter. With 
the traditional astronomers he believed it to be a divinity endowed with 
special properties. In this context he quotes from Bhaskara-II’s 
Siddhanta Shiromani. 


fp ମା qfvarendsa gf : 

Is not Earth one of the eight forms of the Goddess? 
aahwrarsiaedra tea, Au gh: F RATA 
mma Yael Truladl, dal fifa qd ୩୪4 : | 1 


Just as the Sun and fire are hot, the moon is cool, stone is hard 
and then wind is mobile, similarly the Earth is immobile by nature. 
Strange indecd are the properties of matter. Sh77. 


With this kind of traditional conviction it was difficult for him to 
get converted to the modern view of the moving Earth. However instead 
of rejecting it outright he examined every aspect of it in detail, and there 
lies his greatness. 
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Earth’s rotation 


He ,was aware of Vridha Aryabhatta’s hypothesis and 


Brahmagupta’s criticism of it and has mentioned both in the Siddhanta 
Darpana. He has added the following to the latter. 


a. 


Absence of any trace of centrifugal force 
Flattening at the poles and bulging at the equator are considered 
as inherent and unrelated to rotation. Sh 51. 


The darkness of the night sky 

This is in reply to the assertion that the stars are distant suns and 
by no known mechanism can their combined mass naturally 
revolve round the Earth. He denies that the stars are distant suns 
and claims that, in that case, the night sky would never be dark. 
This is known as Olber's paradox and a satisfactory answer was 
not known. He calculated that Sirius would appear very bright if 
it were as big as the Sun. He takes the stars as mere points of 
light without appreciable mass. Sh 141 — 143. 


Regarding the presumption of the Earth’s rotation from the 
observed rotations of other planets, his argument is based on the 
various properties of bodies. He cites the case of the moon 
which does not show any rotation. Further, the planets show 
Shara while the Earth has none. So the presumption is not 
universally applicable. Sh 96-99. 


There is no mention of the following experiments and 
observations which are considered to be due to the rotation of the 
Earth: - 


e fFoucault’s pendulum experiment. 


e Ferrel’s law on the prevailing wind directions in trade winds 
and cyclones. 


e Latitude effect of the acceleration due to gravity. 


Obviously Samanta was not aware of these effects or did not 


fully appreciate their context. 
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Earths revolution around the Sun 


a) Sun's gravitational attraction iS discounted. Does not the Earth 
too have attraction? If it has, then why can it not cause motion of 
other heavenly bodies around it? Sh 69. 


b) Two heavy bodies will go round their common center of mass. 
In the modem view, the Earth being too light compared ‘to the 
sun, the center of mass of the Sun-Earth system falls near the 
center of the Sun and it appears fixed. He has calculated for the 
Sun-Jupiter system and shown that the center of mass falls 
outside the Sun’s limb. In that case the Sun must go round this 
point, and hence cannot be taken as stationary. Sh 105-109. 


c) According to the theory of gravitation then lighter body goes 
round the heavier body, but we see a light magnet causing the 
motion of a heavy piece of iron. Hence the considerations of 
lightness and heaviness are irrelevant in this context. Sh 70. 


d) The lighter body will go round the heavier body if they are free 
to move. But we see a heavy boat going round a light pole in a 
pond, because the boat is being driven by the boatman. 
Similarly it is God's will that causes planetary motion and all 
other forces are subordinate to it. Sh 72. 


e) He discussed the third law of Kepler as proof of the heliocentric 
model. He had verified its validity for Earth and Mars based on 
the modem estimates of periods and distances and agrees that it 
may hold for other planets as well. Then he takes an imaginary 
planet orbiting just outside the Sun’s limb. He expects it to have 
a period equal to the rotational period of the Sun, i.e. 25 days. 
The result does not agree with Kepler’s law and he is suspicious 
of its universal applicability. Sh 116-120. 


f) If the Earth changed its position, he expects a change in 
appearance of the markings on the moon which is not observed. 
Sh 61-63. 


g) If the Earth changed its position then the fixed stars would 
change their azimuth of rise. With the distance to the “Nakshatra 
mandala” as given in the ancient texts, he calculated that, for a 
47° change in position, the azimuth of rise would change by 8 
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arc minutes. This is not observed. This is obviously an 
argument involving parallax. Sh 189. 


Precessiona! motion of the Earth’s axis 


This is denied on the ground that the Dhruvansha and Sharansha 
of the Nakshatras as given by the ancients are still unchanged. The 
precession of equinoxes (Ayanachalana) is due to a slow motion of the 
Ecliptic (Bhachakra). ShI141. 


To summarize, the Earth is fixed by its very nature. The 
Heliocentric Solar System in which the Earth is a mere planet is just 
another hypothesis to explain the observed planetary motions. The 
hypothesis of gravitation is one of its supporting planks. Even the daily 
rotation of the celestial sphere is real because the stars are not the distant 
suns as claimed. Precession of the equinoxes is due to a slow rotation of 
oscillation of the Ecliptic and not of the Celestial Equator. 


Samanta’s model of the Solar System Sh 88-95. 


a) On a close study of the Sighrocha and Mandocha of the Sun he came 
to the conclusion that its path must be elliptic. 


b) Study of the Mandocha and Sighrocha of Mercury, Venus and Mars 
could only be brought in line of his observations if it was assumed 
that they move in elliptic orbits around the Mean Sun. Making them 
go round the True Sun results in unacceptable discrepancies with his 
observations. This fact has been highlighted as a counter to the 
hypothesis that gravitation controls planetary motion. 


It will now be clear that Samanta’s model is simply designed to 
bring the calculations to agree with his observations. It is built up on the 
classical foundations of Geocentrists. 


Incidentally, let us have a look at the modern procedures in 
positional astronomy calculations. The moon’s motion is computed in 
Geocentric coordinates with a large number of perturbation terms. The 
Sun's motion is calculated in Geocentric co-ordinates with the elliptic 
corrections and perturbations included. These corrections are to Earths 
orbital motion but are calculated in the Heliocentric system with all 
corrections incorporated, and then transferred to the Geocentric system. 
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Is this not an echo of Samanta’s hypothesis? It would seem that Samanta 
has hit upon the most convenient system for the calculations. 


N. B. Sh n means Shloka No. n in the seventeenth chapter of Sidhanta 
Darpan, Utkal University publication. 
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1874 TRANSIT OF VENUS OBSERVATIONS OF 
SAMANTA CHANDRA SEKHAR 


N. Rathnasree 
Nehru Planetarium, New Delhi 


Samanta Chandra Sekhar of Orissa, is a poignant figure in the 
classical Siddhantic Astronomy of India, who survived into the 20" 
century. 


The year 2004 is a very appropriate year to remember his work 
and, in particular, to put together his observations of the 1874 Transit of 
Venus. These observations are of enormous interest, as he was a 
Siddhantic Astronomer, completely un-influenced by the western schools 
of Astronomy, and to some extent — unaware of it, during the early 
phases of his Astronomical efforts. 


. His lifetime Astronomy - efforts were summarized by him in 
‘Siddhanta Darpana’, which was published in Devanagari script ‘by 
Girish Vidyaratna Press, Calcutta in May 1898. The original manuscript 
of 2500 Sanskrit shlokas was written in Oriya script, on palm leaves, by 
Samanta Chandra Sekhar. 


Samanta Chandra Sekhar did not have a formal University 
education and his interest and efforts in Astronomy were completely self 
taught, from manuscripts of Siddhantic Astronomical treatises, that he 
had access to. It is very evident that he had no exposure to the 
revolutionary advances in Astronomy between the 17" and 19" centuries, 
until rather late in his Astronomical career, and very little, even towards 
the end of that. He remained a complete Siddhantic Astronomer in the 
classical mould, uninfluenced by more recent developments. 


Chandra Sekhar was a keen observer and made meticulous 
observations of celestial objects with instruments that he had made 
himself. He was deeply perturbed on finding that the ephemeral elements 
calculated from classical Siddhantic principles did not agree with his 
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observations. The same perplexity had also been faced by Swai Jaisingh, 
early in the 18" century, and had given rise to the construction of his 
gigantic masonry observatories for the correction of ephemeral elements. 
One underlying factor that had been responsible for these perplexities 
was the freezing of classical Indian astronomical calculations away from 
observational verifications. The precession of equinoxes (Ayanamasa) 
had been noticed as far back as the Vedic times, by Indian Astronomers 
and had been entering the calculation of ephemeral elements as bija 
corrections ~ ad hoc corrections that needed to be applied with the 
passage of time, to incorporate the changes in ephemeral elements arising 
from precession. For about a thousand years before the time of Swai Jai 
Singh or Pathani Samanta ~ the emphasis had shifted away from 
observational verifications and ephemeral elements had remained 
uncorrected. 


These perplexities led Samanta to make a life time of 
observations with simple handmade instruments, correct the ephemeral 
elements from these, and create predicted ephemeral elements in the 
classical Siddhantic format for future observations. The resulting 
ephemeral elements were amazingly accurate. Samanta’s work was in the 
classical mould - with the assumption of a geocentric Universe, although 
his own model included the planets other than Earth, as revolving around 
the Sun. 


Equivalent mathematical formulations exist for calculation of 
ephemeral elements in the two different world systems — Geocentric or 
Heliocentric — and many observed phenomena require only the 
appropriate framework of calculations in order to accurately predict 
possible celestial events. Thus, Samanta’s inability to envisage or accept 
the Copemican revolution, did not prevent him from making many 
accurate calculations of contemporary celestial events in his lifetime and 
observing them. The most interesting of the celestial phenomena in his 
life time was the Transit of Venus on December 9, 1874. 


Recorded observations of Planetary transits existed trom early 
17" century onwards. Kepler's predictions of the Transits of Mercury 
and Venus led to the observations of the former of these events by Pierre 
Gassendi, in Paris. The 1631 Transit of Venus had not been visible from 
Europe and no records exist of the event having been witnessed. Kepler’s 
prediction of the next Transit of Venus following the 1631 event, had 
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been that of 1761. Small errors in his Planetary orbit calculations had 
resulted in his missing out on the fact that a Transit of Venus was 
expected in the year 1639. It was left to the 19 year old Jeremiah 
Horrocks to correct these calculations and figure out the possibility of the 
occurrence of this event. Just in time to allow Horrox to make the 
observations as well as alert his friend William Crabtree to also observe 
this event. 


Following this, the Transits of Venus in the 18” century - those 
of 1761 and 1769, were eagerly awaited. The excitement with these 
events had been the possibility of using the simultaneous observations of 
the event from far flung locations of the world in order to estimate the 
parallax of Venus and indirectly to estimate the Solar Parallax, as had 
been suggested by Edmund Halley in a seminal paper im 1716. There 
were many brave and interesting voyages that resulted from this 
excitement and many frustrating and rewarding results of this quest for 
the Solar Parallax. The most frustrating aspect being the limits on the 
accuracy of timing the event set by the infamous Blackdrop effect. 


By the time of the 18" century transits — those of 1874 and 1882, 
the emphasis remained, to some extent, with the observations of the 
event to determine the Parallax of the Sun. However, the number of 
expeditions increased. There was also some emphasis on some physical 
observations of the event — photography and spectroscopy of the heavens 
was just becoming possible and many interesting results were obtained in 
these directions. There were also some efforts towards spreading the 
information about the event, for the general public. 


This 1874 event was visible from India and many other parts of 
the world. The Transit of Venus 8 years following that, in 1882, was not 
visible from India. There must have been considerable excitement at that 
time, with efforts from Astronomers worldwide, making expeditions to 
India, as one of the locations from where, the event was visible. There 
were also efforts by Observatories under the then British Government in 
India, to study this event. And then, there were observatories built by 
private individuals and princely states where activities were intense, for 
the observations of this event. One such observatory was the Daba 
Gardens Observatory of Ankitam Venkata Narsinga Rao at 
Vishakhapatnam in Andhra Pradesh. 
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Some popularizations efforts also seem to have been in evidence. 
Chintaman Raghunathachary of Madras observatory, for instance, had 
made a popular booklet on this event, that had been translated into many 
languages, including Urdu. In all probability, none of this excitement 
reached the remote Khandapara regions of Orissa, where Samanta could 
have heard of this event. 


Samanta observed the 1874 Transit of Venus — and reported it in 
his Siddhanta Darpana as 
କୁଁ qi MINIT ed Wah Seid AR ra aR ofordeateRrTag | 
Mea Apr taf କୁଆ Ne Na ua | HUA TTT GI - CNS! : SME: FF: | 
(S. D. Ch. XJ, Sloka 110) 


(P.C. Naik and L. Satpathy — Bulletin of Astronomical society of India) 


Arun Kumar Upadhyaya, in his translation of the Siddhanta 
Darpana ~ interprets this Shloka as — 


“Solar eclipse due to Sukra (Venus) — To find the eclipse of the 
Sun due to Sukra, their bimba (angular diameter) and size of other tara 
graha is stated. In Kali year 4975 (1874 AD) there was a Solar Eclipse 
due to Sukra in Vrischika Rasi (Scorpio). Then Sukra bimba was seen as 
1/32 of solar bimba which is equal to 650 yojana. Thus it is well proved 
that bimba of Sukra and planets is much smaller than the Sun.” 


Did Samanta hear that there was going to be a transit and set out 
to observe it — or did he find that there was to be such an occurrence 
from his lifetime work of creating accurate ephemeral elements? There 
seems no evidence that there was any European Astronomical activity in 
the regions of Orissa, at that time. The Italian expedition from the 
Palermo Observatory was to Muddapur in Bengal a neighbouring state to 
Orissa and could there have been some information that reached to 
Kandapara? Even if the information did reach, Samanta would not have 
accepted it without his own calculations agreeing with that. 


The mention of the ratio of the bimba or apparent angular 
diameters of Venus and Sun as 1/32 is very interesting. 


On the date of these observations — the 9” of December 1874, 
the apparent angular diameters of Sun and Venus, respectively, were — 
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32 minutes, 29 seconds of arc; and 1 minute, 3 seconds of arc. The ratio 
then would have been discernible as !: 30.93. 


Samanta’s observations were completely non telescopic, and 
made with handmade instruments — and the accuracy achieved seems 
extraordinary. In theoretical calculations and observations of the Transit 
of Venus, Samanta’s achievement would be considered comparable to 
that of Jeremiah Horrocks, though poignantly anachronistic. 
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ROLE OF SAMANTA CHANDRA SEKHAR 


Arun Kumar Upadhyay, IPS 


B-9, CB-9,Cantonment Road, Cuttack-753001, india 


Mahamahopadhyaya Sri Samanta Chandra Shekhar Singh of 
Khandapara in Nayagarh distt of Orissa (1831-1904) was nicknamed 
Pathani Samanta- bad name given to him by parents for his long life. He 
was author of last and the largest text of Siddhanta astronomy viz 
Siddhanta Darpana in 2500 Sanskrit verses Published by Calcutta 
University in 1899. Its Hindi Translation and English translation with 
mathematical commentary by A.K.Upadhyay was published under Govt. 
of India financial assistance in 1998. The text itself speaks of his life and 
great contribution. His role was four fold (i) a great sanskrit poet with 
mastery over language and prosody (ii)a text book of astronomy 
summarizing methods and concepts from Atharva Veda till present time 
(iii)Removal of doubts and corrections (iv)re-establishing authority of 
veda and smrtis. In this intellectual Pursuit, he was harassed and divested 
of the rights to zamindari properties. Towards end of his life, he was 
conferred title of Mahamahopadhyaya. 


1. Biographical note 


Samanta Chandra Shekhar was born on pausa krsna astami of 
Salivahana Saka 1757, or kali era 4936 (Siddharta Darpana 24/149). 
Salivahana saka was started by grand son of Vikramaditya Paramara of 
Ujjain in 78 A.D., so this will be approximately 1835 A.D. However, this 
year will continue upto 10.4.1836 by solar and upto 17.3.1836 by luni 
solar reckoning. Here month is mentioned by luni solar system. Orissa 
calendars are using Purnimanta (i.e. starting with dark half) months for 
festival etc. In that system pausa Kr 8" of 1757 saka will be on 
13.12.1835 till 16-19 IST (by L.D. Swami Kannu Pitllai’s Indian 
Ephemeris). By southern luni-solar system, months are amanta, starting 
with bright half. In that system, pausa kr 8" 1753 saka is 11-1-1836 upto 
4-19 IST on 12” January. However, as per current system of festival 
reckoning in Orissa, earlier date of 13-12-1835 seems more probable. 
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Commemoration volume of Directorate of Culture has taken the later 
date. His date of death has been fixed as 11/6/1904 A.D. as per own 
prediction of Sri Chandra Shekhar when moon had entered 16 star 
(nidhana )from his birth star, he visited Puri on that day and expired at 
the feet of lord Jagannnatha as per his wish expressed in Siddhanta 
Darpana(24/159). 


Birth star on13.12.1835 — Uttara phalguni (12" )till 16-47 
On 11-1-1836- Hasta (13th)till 7-41 
On 11-6-1904 (presumed death)-Bharani (2nd) till 35-55 


Siddhanta Darpana (24/145-148)has described his family. He 
was Baghela (Vyaghrapada) ksatriya of Bharadvaja gotra. As ksatriya of 
ruling family, its title was “simha” and they were “‘samanta” (subordinate 
king, of dnight Jof Puri king. Puri king had given honorary title of 
Mardaraja and Bhramaravara to his forefather Vairagi Simha ruler of 
Khandapada, state of about 600 kms in present Nayagarh (ex-Puri) distt 
of Orissa. His son was Niladri Simha whose son was Nrsimha. 


Nrsimha (Mardaraja Bhramarvara Ray) 
Purusottama: syamabandhu (Simha-samanta) 
Krsnachandra: Chandrasekhara 


Natabara(ruler in 1990): (Title Harichandana Mahapatra by Puri king in 
1870) 


Natabara (ruler in 1990): (Title Harichandana Mahapatra by Puri King in 
1870, Mahamahopadhyaya by British viceroy of India in 1893) 


2. Source of Inspiration 
(a) Genetic of tradition 


In histories of mathematics, von Neumann and Edna Kramer 
have praised the genetic traits of Bernoulli and Darwin families which 
showed excellence in mathematics for 5 generations. Now accounts of 
high pedigree of dogs and horses are maintained. Human family tree 
discussion is blamed to Mnusmrti without reading it, though itis 
important in Indian politics. Genetic traits give a minute inclination. 
Overall intellectual capability is same for all races, castes and families. 
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Family tradition also provides environment and pride in tradition or self 
esteem which is a great motivator for achieving excellence. Genetic tree 
can be identified for over ten thousand year. In India, long term 
influence is of gotra (blood relation or student relation),pravara (steady 
excellence for 3 or 5 fields). Short term effect are of three types- pinda 
(solid, chromosome particles)-7" generation, Udaka (water, body 
constitution) till 14" and Rsi (rassi or string,chain of leaming)till 21°. 


Bharadvaja gotra 


Bharadvaja I was son of Brhaspati Angirasa who was 4" vyasa 
in 15,330 B.C. Bharadvaja II was priest of Emperor Chayamana of north 
west India and also of Divodasa, king of Kasi in 7000 B.C. at time of 
Kasaraja war. His descendant Bharadvaja III was 19" Vyasa (6340-5980 
BC) Bharadvaja I had learnt vyakarana (Aitareya aranyaka2/2/4) and 
ayurveda (Caraka Samhita, Sutrasthana, 1/23) from Indra. Indra had 
given 3 human lives to Bharadvaja to study 3 Vedas (TaittityaBrahmana 
3/10/11).Mundaka upanisad (1/1/1,2)tells that Brahma (29000BC) taught 
Atharva Veda to his eldest son Atharva. It passed on to Angi, Satyavaha 
Bharadvaja, Angira and so on Bharadvaja II wrote Yanatra sarvasva 
whose fragments are available. Infra red spectrometer 
(dhvantapramapaka) has been published by India Journal of History of 
Science and parts of Vaimanikarahasya are published from Sanskrit 
Academy, Mysore and Aryasamaja, Delhi-2. Bharadvaja III had written 
Dhanurveda (Mahabharata santi parva 210/21), Arthasastra (Kautilya 
Arthasastra 12/1) siksa, purana (Vayu purana 103/63) and smriti. 


In moder times, this gotra has been pioneer in vedic studies, 
specifically mathematical sciences- (i) Vedic Commentators Venkata 
Madhava and Sayana (ii) Modern Vedic scholar Motilal Sharma wrote 
80,000 pages about scientific meaning of vedas of which 4 is published. 
Pandit Chandra Shekhar Upadhyay wrote Vedic Kosa in 3 vols. (111) All 
the famous astronomers of Orissa Stananda of Puri (Bhasvati in 1099 A 
D.), Manguni Pathi (1741-commentary on Bhaskara Il)and Samanta 
Chandra Shekhar (1835-1904 Siddhanta Darpana). 
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Vyaghrapada Gotra 


Vyaghrapada was son or descendant of Vasistha (Mahabnharata, 
anusasana 53/30) who wrote dhanurveda. Bhisma (c330BC to 
22.12.3139. BC) studied veda and weapons in this family (Mahabharaa, 
adi 100/35) Dhaumya of this family was contemporary of Bhisma and 
priest of Bhisma and Yudhisthra (Mahabharata anusasana 14/45,112), 
hence their gotra was Vyaghrapada. Great grandson of Yudhisthira was 
Janamejaya who has given dana- pattas to Rama-mandir at 
MuniBrndaraka on Tungabhadra bank and for Kedaranatha temple in 
Himalaya in Kali year 89 (Plavanga year)- in both pattas, his gotra is 
claimed as vyaghrapada. His descendant Sudhanva issued proclamation 
on asvina purnima of Kali 2627 (475 B C.),announcing four heads of 
Sankara Pithas, one month before death of Sankaracharya. Prior to that, 
Puri king of this gotra established Govardhana Pitha with help from 
Nepal king Vrsadeo Varma on Vaisakh sh, 10" , 483 BC. 
Brahmaghupta (Brahma-sphuta Siddhanta in 628 AD) was patronised by 
Vyaghrapada gotra ing of Reva. His book was translated in Baghdad 
during Khalifa Umar time as Al Zabar-Il-muquabala. This gave birth to 
Algebra in Latin and English. This gotra later on became famous as 
Baghela kings of Gujarat. 


(b) Random Inspiration 


Niels Bohr and David Bohm-two great atomic scientists of 20" 
century have attributed quantum fluctuations in thought process to be 
cause of inspiration. There is sudden genetic mutation also. As per 
vedic thought, human mind is image of galaxy, both having 10" 
particles (stars or neurons). Buddhi (logical control) or vijnanatma is 
connected to sun at speed of light (Brahmsutra chapter 4 etc). As per Rk 
3/53/8, the link goes and returns from sun thrice in 1 muhurtta (48 
minutes). Thought field (mana) is calm like star light in which 
fluctuation (prajnana) is caused by moon (from mana). This is source of 
temporary random changes. At various places, Chandra Shekhar had 
doubts cleared by grace of Jagannatha eg. 


ଲୀ ନଖ ହଞମଙା କୁଙ୍ଟତୀଏ କ୍ତ 


adi Tra Ao qraawaddram | 
Teanrdlargra affdlgrR area Ry: 
Med: MUTA: yaar: 11 (R.¢. 15/71) 


Digitized by srujan ka@gmail.com 


Scientific Contributions of Samanta Chandra Sekhar to Astronomy 111 


(c) Need of time 
Meare Aare mma 4 ad | 
una TerponRasew dopa ge (fi. q. 21/79) 


i.e. whenever there is error or difficulty in sciences, god creates a 
scientist or author to resolve the problem. These secrets appear only 
before a person having god’s grace. The idea is expressed by saying — 
necessity is mother of invention. At several places in puranas, revival of 
vedas is described. This revival and inspiration operates through rsi 
influences, expressed by a prayer in Bhagavata Purana. 


rad ଧମ ୟୁ vd, Adar ud wifi FR | 
ଞ୩ ପୁ ଟୁd୍‌ arwrd:ଷ A Haima: rag || 
(d) Local environ 


In same family and society, individual trait decides the course. 
Still, it needs some material to complete the work. Siddhanta Darpana 
(24/2) tells that father of author had prepared many almancs with great 
labour. To reduce the labour, he devised ‘Kautuka-panjika. In addition, 
there appear to be many texts of sanskrit in his family library, Vedic 
texts, puranas, astronomy texts, smriti texts, which are not found even in 
libraries of sanskrit universities. He had benefit of formal education 
from two great scholars-Khadgarya (Khadanga) Ananda Mishra and Sri 
Madhusudan Mahapatra (24/148) 


(e) Devotion and self esteem 

All the above become fruitful only through devotion and self 
esteem- 

୬୩୩୩ ଖା ଯ୩୮୩ 


Maslow has placed self realisation at top of hierarchy of needs. 
A self respecting person is deeply hurt by insult to national pride by 
foreign rulers. Chandra Shekhar has refuted earth revolution round the 
sun only to show that British theory is not infallible (24/144,158,17/134) 
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3. Aims of Siddhanta Darpana 


At the end of every chapter, two aims of the book have been 
written, which need some explanation. 
(a) Bala bodha 


Bala is boy or student, bodh is teaching. It has two meanings. 
One is that it is a text book on astronomy or a treatise of all information 
from veda till present times. The other is that it gives simple rules of 
mathematical operations (thumb rule, ready reckoner or algorithms) 
without going into rigors of mathematics. Same thought is beautifully 
expressed in the most famous karana (hand book or manula) text 
Grahalaghava (1/2) 


qRara wih ari qoTUER Ad Yue | 


YHA THIF Y Ad TH TH HI YU AuroG || 


First meaning is to remember Rama incarnation of Visnu who 
broke Siva dhanu by touching, having garland of good thread, long 
round arms and giver of highest state. Second meaning is that this text is 
without difficult mathematical methods of sphere, circle and makes 
astronomer with simple measurements and calculations. 


(b) Ganita-aksi-siddhi 


1. €. concordance of mathematics and observation. This has three 
meanings- 


(i) Method of science 


Aim of every science is to match mathematical theory with 
experimental observation. On the basis of observations, theories are 
made. Then prediction from theory is checked from experiments and in 
case of need, it is revised. Science is called avidya or apara — vidya i. €. 
classification. This has five stages (Patanjala yoga sutra 2/3)- 


Avidya: Classification 

Asmita: Identification 

Raga: Link or similarity 

Dvesa : Difference between classes 


Abhinivesa: Fixation or theory 
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For mental calm, these are klesa or complications. Sorrow is 
duh-kha 1. e. space (kha) is partitioned. 


(ii) Correction of errors 


Errors or difference between mathematical prediction and 
observation arise due to three reasons — errors of mathematical models, 
wrong assumption, over simplification etc. Error of mathematical 
methods arise from inaccurate algorithms of repetitive iteration, rounding 
off errors, or inadequate figures for accuracy etc. Lastly there are errors 
in measurement itself. Correction of errors is termed as Bija samskara, 
discussed in detail later on. At various places, two types of methods are 
given in Siddhanta Darpana - sakrta (straight method , one time 
calculation) asakrta (successive approximation). Short term methods do 
not remain accurate for long periods, there is also long term change in 
planetary orbits causing errors discussed in detail in chapter 21 of 
Siddhanta Darpana. Corrections are prescribed which need checking 
after 10.000 years (21/53) Chapter 4 gives 3 corrections to moon. 


(iii) Merely a calculation method 


Purpose of all these algorithms or operations is only to know 
where planets will be secn. We are not concerned about heliocentric 
elliptical orbits or state earth model (17/80). 


4. Bija Sansara 


This has been called correction of errors in para 3 b (11). Bija 1. 
e. seed is the source of tree, so this is source of error in mathematical 
models or methods. Algebra is called bija-ganita as we introduce seed of 
unknown quantity of two types-gulika (ka or x) i. €. unknown (means 
bluff in Oriya), yavat-tavat (ya or y) i. e. dependant variable. Another 
meaning is marginal correction like a small seed. This has three aspects- 


(a) Yuga cycles 


Astonomical yuga of 43,200,000 years is the period in which 
planets upto saturn complete integral number of revolutions. For more 
accuracy and for completion of integral number of revolution of apogee, 
period of 1000 yuga or kalpa (a day of Brahma) is used (Siddhanta 
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darpana 21/40) Revolutions (bhagana) of planets, apogee (mandocca), 
nodes (pata) in a kalpa are given in chapter 2. 


However, historical era is counted by precession of equinoxes 
completed in 26,000 years. This is the yuga mentioned in Brahmanda 
purana- (1/2/29/19). 


usaf aca qf arqarg 


Solar days in a civil year converted to year (360 or 365 years) is 
a divya year(22/69). This has been called parivarta yuga in vayupurana 
while describing 28 vyasa. 71 such yugas make a manvantrara or yuga of 
26,000 years. One manvantara before kali (3102 B. C.) was time of 
Svayambhuva manu. 43 parivarta after him came vaivasvata Manu who 
was 28 parivarta (called dvapara also) before kali. Hence, it is being 
called 28" kali after 28" dvapara. For astronomical calculation also we 
are counting 28" yuga. 


ଷ ଦି ୩nd: ର୍ଥ ଲୟ: ମସ | | 36 | | 
ଶସ Gf J Harrarfetard |13711 (gars (ror 1/2/9) 


Here yuga is divya varsa whose years are qual to days in solar 


year- 
Af ab yard sfte quid af a 
ଆ ଖସ ଅଯ ସୃ fa: ( ହଆୀଫ୪ 1 /2/29/16) 
365 X 71=25915 or about 26000 years. Vaivasvata wa 43 yuga 
later | 


Ted aA HAT HET: 

uaRTE Tad ପୀ ଧି ଅମ ( ମ୩ ¶. 129 /77) 
Then 28 yugas till kali- 

ACI Tra 7d ଝି (129/73) 


Sri Dinanath Chulet, President of Pancanga Committee Indore in 
1930 decided yugas on the basis of nutation also, mentioned mostly in 
Satapatha Brahmana (41,000 year cycle). In modern astronomy, rotation 
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of apogee (or major axis) of planetary orbits is taken in 1 lakh year cycle. 
This is mostly due to mutual perturbation of planets and partly due to 
general relativity because gravitational pull of sun on planets is not 
instantaneous as in Newtonian model. It reaches the planet at speed of 
light after some time (8 minutes for earth —Rk 3/53/8). Revolution of 
apogee in 1 lakh years and or earth’s axis in 26,000 years in opposite 
direction are causes of polar glaciations. Most of the land mass is around 
north pole of earth is also near apogee, farthest point of orbit, Mutual 
rotation of these points (apogy and precession of axis or equinox) is in 
21,000 years causing cycle of glaciation. (Milancowitch of Czeck, 
1923). This is cause of kanor historic changes. 


Indian astronomy has taken middle value of these two cycles 
26,000 and 21,600 years and plans a 24,000 year calender cycle. This 
merges major part of apogee motion (revolution in 3,12,000 years). 
Remaining small part of apogee motion has been given as mandocca 
bhagana in rutya siddhanta (chap 1) and Siddhanta Darpana (chap 2). 
This manipulation in model creates positive and negative errors are 
varying in quadrant of 6,000 years which is original bija. 


uuu (12,000) Ea: Fear: TM: AIG TERA JAG aA | 
Tareas deface (200) yafadraGrd Ge: dd PAa:arTs: (3,5) 


Increasing and decreasing correction has given concept of 
utsarpini (increasing) and avasarpini in Jain cosmology and some 
puranas. 


This has also given a theory that earth increases | yojana in a 
day of Brahma and declines again in his night of 1 kalpa. (18/148) 
Vedas have indicated 3 earths- earth, solar system (earth x 10 ! ), galaxy 
(earth x 10 “). Yojana has many definitions 1000 or 1600 part of earth 
diameter, 1/2° of earth circumference, diameter of earth or sun. Utsarpini 
in cosmology means that in a kalpa of 432 crore years a block of 
universe (called prthivi) increases to its double size. Expansion is day 
followed by contraction for same period. 


(b) Correction of Bhagana 


Chandra Shekhar has already revised bhagana (revolution 
numbers) in chapter 2. In chapter 21, he has proposed further corrections 
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in verses 55-68. He has not given logic for possible need of correction in 
future. Prof, V. N. Jha in his thesis before Bhagalput University (1983) 
justified these on basis of indeterminate equations of first and second 
degree. This is similar to method of Bhaskara I in mahabhaskariya as 
explained by Prof. K.S. Shukla (published by Lucknow University , math 
deptt.) Bhaskara bija correction has been mentioned in verse. 43. 


(c) Adding separate equations 


Chapter 4,5 have made corrections to apogee (mandocca) of 
mercury, mars, saturn by introducing parocca cycle. Three extra 
corrections to moon motion have becn added. This has been mentioned 
in (21/143-145). All the corrections to standard method of surya 
siddhanta by rsis is called bija here. Two points may be noted. 
Astronomers from Brahmagupta have followed 12000 year cycle of bija 
correction without knowing their logic. For 12000 year civil calender, 
we have taken middle of two yugas by adding major component of 
apogee motion to planet revolution. Instead of correcting the model, 
cosmetic changes are done to fit the current observation. Secondly, it has 
been assumed that all changes are in cycle of short or long periods. All 
cyclic functions can be mentioning this theory, it has been applied in all 
the corrections. 


5. Calculation of True Planet 

(a) Elliptical orbit of sun and moon 
It is calculated in two steps 
(i) Mean anomaly - eccentric anomaly 
(ii) Eccentric — True anomaly 


Anomaly is the difference from perigee. In Indian method, it is 
calculated from apogee which is 180 ° away, so trigonometric functions 
remain the same with sign change for some terms. 


Western method prepares an infinite series for first step. Then 
cach term is expanded again through similar infinite series. Then powers 
of angle are arranged in ascending order. Their coefficients are in a 
highly convergent series. Any desired accuracy can be obtained by 
calculating suitable numbers of terms. 
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Indian method uses geometric construction for each step and 
uses equivalent formula. So this method is small but more exact as 
shown in commentary of chapter 4. 


(b) Other planets 


They are called tata graha as they look like stars. Western 
method calculates elliptical orbits of earth and that planet separately. 
Then we get position of sun from earth and the planet from sun. By 
vector addition of the two distances, we get the vector from earth to the 
planet. Position of planet from sun is heliocentric. From earth, it is geo- 
centric. 


Indian method is random combination of the two methods- 


(i) Interior planets mercury, venus are in a small orbit around sun. 
Thus their mean position is sun with small correction for their 
orbits. Similarly earth is interior planet for mars, jupiter, saturn 
and mean position of earth from them is same as that of sun. As 
reverse, mean position of the planets from sun is same as that 
from earth. This was the thesis of D. Ark Somayaji in Karnataka 
University, Dharawada (mentioned in his commentary on 
Siddhanta Siromani published from Tirupati Sanskrit 
Vidyapitha) in 1978. 


(11) Mean position from the earth needs two corrections 


Correction due to position in smaller orbit, called sighra phala 
(S) and correction for eccentricity of larger orbit called 
mandaphala (M) . Mandaphala is much smaller due to small 
eccentricity. Hence, we use Seidel’s method of bisecting the 
interval used for computer operations. We make correction in 
this order. 


S/2+M/2+M+S 


Corrections can be positive or negative as per quadrant 
of angle from apogee of large (mandakendra) or small orbit 
(sighr-kendra), with suitable convention of sign. This rule was 
mathematically explained for the first time in commentary on 
Siddhanta-Darpana chap 4. 
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(11) 
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Amplitude of correction for smaller orbit depends on the ratio of 
earth’s orbit and that planet’s orbit. This can be made only when 
heliocentric orbits of planets are understood. This logic is 
explained in Siddhanta darpana (19/53,54, 21/85). Thus, for 
explaning revision of sighraparidhi, Chandra Sekhar has 
correctly utilised helio centric orbits. Just for refuting European 
model he has given logic of earth centric motion. As relative 
motion, it is correct-sun has apparent motion round earth and all 
other planets move round sun (21/30). He has also mentioned 
varying linear speeds of planets. These are first improvements in 
any available siddhanta text. 


6. Other mathematical methods 


There are many new formulae of spherical trigonometry in 


Triprasnadhikara. Next detail is Vatesvara siddhanta, probably not seen 
by Chandra Shekhar. 


(1) 


(ii) 


(111) 


Similarly, there are many new methods of calculating solar 
eclipse. Mathematically, they are more elegant than Bessel 
method used now. It needs further research to find its logical 
basis. 


These methods can be used to draw path of solar eclipse which is 
not descibed in any siddhanta text. But it was definitely known 
in ancient times, because people used to visit place of solar 
eclipse for mantra siddhi etc in all countries. The method needs 
research. Before advent of computer, position of solar eclipse 
was calculated at 1 hour interval. Now 3 functions and their 
time derivatives are calculated at 10 minute interval through 
computer. 


Methods of sine table 7 , area and volume of sphere, square root 
and cube root etc indicate that infinite series, differential and 
integral calculus, spherical trigonometry and random methods of 
numerical analysis were well known by tradition. (see 
commentary). 
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7. Vedic Cosmology 


Cosmology and geography has been described on basis of surya 
siddhanta and siddhanta siromani respectively in chapter 18. There are 
some comments and explanation. In (18/2) he has expressed desire to 
write separate text on vedic cosmology. This plan is being carried 
forward by me. 


Surya siddhanta cosmology quoted in (18/3-22) is a combination 
of Purusa sukta of all vedas, Sankhya Philosophy, Pancaratra and 
puranas. As per present Oxford description these are contradictory sects 
/ theories of separate periods. But they were complementary at the time 
of surya siddhanta epoch of about 8,000 B. C. after glacial floods. This 
epoch has been calculated in a separate article on the basis of values of 
eccentricity of earth orbit (appearing as mandaphala), inclination of earth 
axis, rotation speed of earth axis as ratio of sidereal day and solar year). 
This is also evident from re-start of civilisation after glacial floods 
around 8500 B. C. Another evidence is different measures of jupiter 
years. Surya siddhanta view (modifies slightly in (21/71-76) assumes 
this year as basis of actual period in a rasi for guru with mean speed (361 
days 2 hrs — 22/ 63). This is followed in north India and in 85 years one 
guru year is of 60 years in which guru, sani make 5 and 2 circles. Both 
systems of guru cycle are complete in 5100 years. As per Visnu 
dharmottara purana (chapter 2/82), 60 years cycle (12 yugas of 5 years) 
started with Rama incaranation in 24" treta (out of 28 yugas of 360 
years between Vaivasvata manu and kali) with Prabhava year when 
Ravana etc were killed. Prabhava year in both guru cycles was in 4433 
B. C. and Valmiki Ramayana planetary position vies time of Rama birth 
as 10-47 -48 LMT on 11-2-4433 B. C. Both guru cycles merge in 60 x 
85 =5100 years. At this interval earlier 9533 B. C., Matsya incarnation 
also was in Prabhava year. This tallies with date of submerging of 
Atlantis in 9564 B. C. as per Homer quoted by Plato / Herodotus. 
Siddhanta Darpana (21/71-72) quotes Varahamihira tor start with 
Prabhava. Salient points of cosmology are- 


Pancaratra (18/4-7) vies- Vasudeo_ space (vasa) for creation. 
Sanklarasana —Mutual attraction by gravitation. Pradyuman _ Radiation 


of stars. Aniruddha or Hiranyagarbha —Varieties from sun. This has been 
called four levels of creator (savita = sun-18/24-26). Starting from man. 
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successive .koti (limit, 10 ) of world are earth, solar system, galaxy, 
universe each 10 times bigger than the previous. 


107 = 2 23.5, hence gayatri chanda of 24 letters (23.5 or 24 ) is 
called measure of worlds (Satapatha 1 / 8 / 2/10, 3/4 / 1 / 12, Taittiriya 
Brahmana 1/1/3/10. 3/2/1/1/) lower worlds of 7levels are successively 
105 times smaller —last being rsi (string) of 103° m (planck’s length)- 
Explained in world tree. 


One fourth of world is expressed, 3/4" is hidden (purusa sukta 3, 
18/13 here). This has 4 aspects- 


Creation starts with chain Rsi-pitara-deva-danava-jagat, jagat 
(moving particles) are of 3 types —cara (moving, lepton) sthanu (fixed, 
baryon), anupurva (link, meson) Manusmrti (3/201). Devas are 33 from 
which creation occurs. 99 asura do not create. So 1/4" only is creation. 


In hydrogen —helium nuclear fusion also, 4 particles merge. 


3/4" of universe is dark matter. Modern estimate varies from 10 
to 90% depending on rate of expansion. 


Out of paratpara, avyaya, aksara and ksara (real decaying 
universe) stages of purusa — only the last is visible. 


Three sama (fields) of sun are described as zone of heat, 
brightness and light upto 2000, 50000 and 12,50,000 diameter. Vedas 
have given 3 zones- 


Saarudriya —100 dimetrer, heat zone within earth orbit. 


Sahasra-rudriya —1000 diameter, saturn orbit —Effective ratha of 
sun. Puranas (Bhagavata, 5” skandha etc.) describe 3000 yojana ratha 
(3000 diameter) wheel upto Neptune orbit. In cosmology theory also 
major planets are counted upto that only, pluto was ex satellite with high 
inclination and eccentricity. 50 crore yojana earth of Purana is wheel 
shaped planetary orbit upto Uranus orbit. This has been interpreted as 
volume of earth (18/175)as per 1000 yojana diameter of earth. Its double 
is aloka (dark) part of earth upto Neptune orbit of 100 crore yojanas. 
This value in divya units (36) times) is taken as diameter of Brahmanda 
(galaxy) in (19/118). Actually, Brahmanda is double the size of solar 
system in exponential scale. 
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man x gayatri (2 23.5=107) earth diameter 
earth x gayatri = Earth of solar system (savitri) 
Savitir x gayatri = Brahmanda 


Solar system is defined as 230 times earth size. With 3 zones 
within earth, it has 33 zones whose energies are 33 devas. Sun light rules 
till 30 zone (dhama) outside earth- 


ସ୍‌ Hm Aro qeqars daft | 


(୪% 10 / 89 / 3, ଷ 632, ଆ 6 / 31 / 3, 20 / 48 /6, ୩୪୪ 3 / 8 ଷ. 
୪. 1/5/37/1) 


This has two zones —~laksa rudriya and kot mdriya (105, 107 
diameters of sun). Balakhilya (cometary cloud) is 60,000 diameters from 
sun. Ratha of sun is stated of 156 lakh diameters in Bhagavata, Visnu 
purana etc upto which its energy is more than star background . 


Size of Brahmanda is estimated by 3 broad reasons -Identity of 
component world, solar system merges in it — it remains just a point (19 
/119, 122) 


Ratio of earth / sun is same as sun / galaxy i. €. equivalent in 
exponential scale shown above. 


Feynman has explained very short life periods of particles that 
they cover their world (nucleus or atom ) within their life. Similarly, 
Siddhanta Siromani (Goladhyaya, bhuvana kos 689,69) Suryasiddhanta 
(12/81, 82,90) tell that planets move the circumference of brahmanda 
during their life (Kalpa of 432 crove years) and it is extent of sunlight. 
This view is quoted and criticised here (19/121,122) 


Sankhya chain of creation is also described due to 3 guna of 
prakrti. 


Parallel to 7lokas of space, earth surface also has 7 lokas from 
equator to north pole near India based on latitude or climate zones 
(18/106,106) and also in human body. Climate zones are stated in 
(19/214-223). Opposite to India, there are 7 tala. 
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8. Other matters 


According to single mandaphala correction to moon’s orbit, 
variation in mean tithi length is 5 danda more or 6 less from 60 danda 
(ar gfg a au) However, Chandra Shekahar has quoted from sraddha 
paddhati (554) that tithi can be upto 9 danda less i. e. 51 dandas. This 
variation was discussed in great detail in Pancanga committee, Indore of 
1930 to prove that in ancient times also all the corrections of siddhanta 
darpana to moon’s motion in chapter 5 and possibly more were in use. It 
found the rule (stpqfg «veu:) i.e. danda more or 10 less. Mahabharata 
Bhisma parva (3/32)Varahamita (Brhatsamhita 4/31) Candesvara, 
Kalamadhava, -Muhurtta cintamani, Baudhayana smriti , (probably 
indicated by Chandra Shekhar) etc have noted fortnight of 13 to 17 days 
which means same thing. In addition to mean change of 8 danda from 60 
danda or 9-10 from mean lithi of 59 danda, detailed variations have been 
noted in skanda purana partly quoted in Nirnaya sindhu. Gautama smrti 
is quoted in 5/55. 


Skanda purana, nagara khanda chap. 277, indicates use of leap 
months for contract purposes. Possibly from other smrtis also (4/208) has 
stated that leap month is counted as a separate month in one year period 
but part of main month in longer period. This is reason of dispute over 
ending of ajnaatavasa period of Pandavas in Mahabharata if it is separate 
one year period, leap month will not be taken (354 days year). If it is 
linked to 12 years forest period then this year will be with leap month 
(384 days). 


More than 40 difficult. chandas have been uses with slesa, 
yamaka and other alankara 23" chapter has many verses with dual. 
meaning. This indicates rare mastery over sanskrit literature, not seen in 
modern era. 


He has made minute observations of vedic concept like 4 levels 
of savita (creater). ‘This’ (nearer) savita is sun, but ‘that’ (tat) savita is 
whole universe or Brahma- 


Middle level is bright sun seen by us arf &a: Its inspiration 
within us is third step. 


Similarly he has quoted Brahmavidya upanisad and Atharvaveda 
(probably pippalada samhita, not published so far) to give 72,000 yojana 
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diameter of sun (8/12,19,50) Actually it is majdala (circuference) in 
units of dhama-yojana (55.5 k.m.), Rk (1/123/8) tells that usa (twilight)is 
upto 30 dhama yojanas west of sun-rise (150 circumference). Thus 1/20 
is dhama of 55.5 km. 


Concepts of nyaya (for proof), yoga, vedanta etc have been 
discussed at several places. 


Pancanga Committee Indore, 1930 was the only effort to 
implement concepts of siddhanta darpana, though they had not seen it. 
Oxford University had set up Boden chair in 1831. 
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SUMMARY OF THE PANEL DISCUSSION 


M.S. Sriram 
University of Madras, Tamil Nadu 


The discussion centred around two broad themes , namely, (i) 
the historical perspectives, Scientific issues related to Samanta Chandra 
Sekhar’s work and its impact, and (ii) the translation of Siddhanta 
Darpana. 


The panelists were Prof. L.Satpathy, Institute of Physics, 
Bhubaneswar, Prof. P.K. Mishra, Prof.Rajesh Kocchar, NISTADS, New 
Delhi, Dr.Ratnashri, Nehru Planetarium, New Delhi, Prof. Balachandra 
Rao, Bharatiya Vidya Bhawan, Bangalore, Prof. Tribikram Pati, 
formerly of Allahabad University, Allahabad, Dr.Ajai Rastogi, 
Secretary, Science and Technology Department, Govt. of Orissa, 
Bhubaneswar, and Prof.M.S.Sriram, University of Madras, Chennai who 
was the moderator. The discussion was informal in nature, with inputs 
from the audience at all stages. 


Fig. 1: Samanta Chandrasekhara’s planetary model. 
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Samanta Chandra Sekhar, working entirely in the Siddhantic 
tradition of Indian astronomy is well known for his planetary model. 
This model was summarised by Prof.L.Satpathy. In this model, the 
planets move in eccentric orbits around the mean Sun, which itself 
moves around the earth in a circular orbit around the Earth, as depicted 
in the figure. It is very similar to the model of the Kerala astronomer 
Nilakantha Somayaji in 1500 AD, and also Tycho Brahe’s model , and 
indeed improves upon these. 


Samanta claims that it is arrived at by Driksiddhi or ‘conformity 
with observations’ only. A lively discussion on the model followed. First 
of all, is it correct, considering the modern heliocentric picture, where 
the Sun is the centre of the solar system, and all planets including the 
Earth revolve around it? It was pointed out by several members of the 
audience that it is the relative motion that is important . Samanta’s 
model gives the true picture of planetary motion in the geocentric 
coordinate system, and there is nothing wrong in it, per se. Samanta was 
aware of the modern heliocentric picture, and in fact mentions it in his 
work. However, his faith in the Indian scriptures made him accept the 
Earth-centric system, instead of the Sun-centric system. Though he was 
only interested in providing a kinematical picture and succeded in it, still 
he was working in a noninertial frame of reference from the modern 
perspective, and extra forces would arise because of this. There was a 
query as to whether there was any mention of such forces in his work, as 
he appears to have referred to the concept of forces elsewhere. There 
was no clear answer to this. 


The discussion then moved on to the distance of the Sun from 
the Earth stated in Siddhanta Darpana. Samanta increased this distance 
by a factor of 10, as compared to the, traditional Indian texts such as 
Suryasiddhanta. This is remarkable in as much as the solar distance now 
has the correct order of magnitude, but about 0.4 times the actual value. 
For this, he relied on the value for the diameter of the Sun given in 
Atharvaveda. 


Dr.Rathnashri wondered why he relied on the authority of the 
Vedas for this, as he was particular about Driksiddhi for all the 
parameters. She also dwelt on the transit of Venus in 1874 which had 
been observed by Samanta. There was considerable activity in India on 
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this transit at that time, and the Britishers could not observe it in Madras 
as planned, because of the cloudy conditions. How did Samanta observe 
it? Ie could have used the opportunity to estimate the solar distance, but 
apparently did not. Did he use the ‘pinhole’ to observe, as the ‘pinhole’ 
image of the Sun was what inspired him to reestimate the solar distance? 
In any case, her group in the Delhi planetarium was inspired by Chandra 
Sekhar Samanta to measure the angular diameter of Venus (which is 
about 1/(32) times the angular diameter of the Sun), by the pinhole 
method. She also wondered whether there was any mention of sunspots 
in his work. Prof. Balachandra Rao mentioned that the conjunction of 
planets with the Sun, and in particular, transits of the interior planets had 
been studied by some Indian astronomers in the 16m- 17m centuries like 
Vishwanatha Daivajna. They had given procedures to calculate the 
transit times also. 


Prof.Rajesh Kocchar pointed out that the response of Indians to 
the British domination in India in all fields including the educational and 
scientific fields could be put in two categories, namely, ‘the compulsions 
of history’, and ‘the romance of history’. In the former category, there 
were the Indians who were educated or trained in the institutions set up 
by the British, and who did specific tasks assigned to them by the 
British. In the scientific field, Indians merely performed the lower-end 
tasks like collecting data ( for the Survey of India , Meteorology 
department, etc. for instance), the interpretation and scientific analysis 
being left to the British personnel, at least initially. In the category of 
‘Romance of history’, we have astronomers like Samanta Chandra 
Sekhar and mathematicians like Srinivasa Ramunujan, who responded to 
the British —imposed system in their own unique and creative ways. A 
person like Samanta should be judged from his own framework and the 
prevailing atmosphere at that time. He had the whole heritage of 
Siddhantic astronomical tradition of India behind him, and he worked 
wholly in that framework. He responded to the heliocentric view of the 
solar system in his own way. His model in which the planets orbit 
around the Sun, with the Sun orbiting around the Earth carrying the 
whole planetary system with it, is acceptable in the Indian tradition. He 
was innovative enough to place the Sun at a distance of ten times the 
value assigned in the ancient texts, from the Earth. Both the Siddhantic 
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tradition and the prevailing scientific ideas on the solar system went into 
the making of Samanta. Prof. Kocchar felt that there was too much 
defensiveness in our analysis of Samanta’s work, and that he should not 
be evaluated from the standards of our times. 


Prof. Tribikram Pati pointed out that Samanta had life outside 
his scientific work too. He was well versed in Sanskrit literature, and had 
devoted a considerable amount of time to its study. He was a product of 
classical learning. This enabled him to compose his work in simple, 
elegant Sanskrit. From the literary point of view also, his work is a 
masterpiece. Samanta’s life, time, and works should be studied in 
totality. 


It was strongly felt by many members of the audience that 
Samanta’s instruments should be reconstructed and studied in detail. In 
fact, there should be a permanent exhibition of the instruments with 
cxplanations , which will be inspiring to the younger generation in our 
country. It was pointed out that a beginning has been made in this 
direction by Dr,P.C.Naik. 


Later, there was a discussion on the ‘Translation of Siddhanta 
Darpana'. Dr. Ajai Rastogi felt that there should be an authentic 
translation of the text into English, with padaccheda and anvaya and 
meaning of the words in English, followed by a translation in running 
English for each verse of the work, with annotations wherever necessary. 
The focus, perhaps, should be on quickly producing a ‘Source book’ for 
use by researchers rather than on a comprehensive treatment including 
extensive interpretations and extrapolations. More scholarly work will 
appear later in due course. There were some who felt that the translation 
alone would not be useful, without explanations. Some others felt that 
the observations of scholars like J.C.Ray, Mahapatra, and Chandra 
Sekhar Mishra on the text should also be included. 


In the end, it was decided that a Committee should be 
constituted with the specific task of initiating the preparation of an 
authentic translation of Siddhanta Darpana, after identifying appropriate 
scholars to undertake the work. After some discussion, the constitution 
of the Committee with the following members was approved: 


1. Prof.M.S.Sriram ,University of Madras, Convener, 
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2. Dr.K.Ramasubramanian, [.1.T. Bombay, Joint-Convener, 
3. Prof. L. Satpathy, Institute of Physics, Joint-Convener, 
4. Prof.Tribikram Pati, Allahabad, 

5. Dr.Ajai Rastogi, Government of Orissa, Bhubaneswar 
6. Dr.P.C.Naik, DD College, Keonjhar. 
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